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Callow  and  Callow  (1938,  1939)  have  isolated  androsterone 
etiocholanol-3(a)-one-17,  and  dehydroisoandrosterone  in  yields  of  1.3 
mg.,  1.3  mg.  and  0.2  mg.  per  liter,  respectively,  from  the  urine  of 
normal  women,  Isoandrosterone  has  also  been  isolated  in  small 
amounts  from  the  urine  of  normal  women  (Pearlman,  1940). 

Following  the  administration  of  testosterone  to  castrate  or  post¬ 
menopausal  women,  increased  titers  of  urinary  17-ketosteroids  have 
been  found  (Hamblen,  et  ah,  1939;  Nathanson  and  Towne,  1939). 
Taylor,  Mecke  and  Twombly  (1943)  recovered  11.9  and  29.2%  of  in¬ 
jected  testosterone  in  the  form  of  urinary  17-ketosteroids.  These  cal¬ 
culations  are  based  on  the  assumption  that  the  pre-treatment  level 
of  17-ketosteroids  was  not  influenced  by  the  administered  testoster¬ 
one.  The  nature  of  the  testosterone  metabolites  has  not  been  investi¬ 
gated  in  these  studies. 

The  conversion  of  testosterone  to  17-ketosteroids  has  been  demon¬ 
strated  in  men  (Callow,  1939;  Cook,  Hamilton  and  Dorfman,  1939; 
Dorfman,  Cook  and  Hamilton,  1939;  Dorfman,  1941).  Dorfman, 
Cook  and  Hamilton  (1939)  were  able  to  account  for  8-9%  of  admin¬ 
istered  testosterone  in  the  form  of  urinary  androsterone.  Callow 
(1939),  in  addition  to  androsterone,  obtained  one  of  its  isomers,  etio- 
cholanol-3(a)-one-17,  in  almost  equal  amounts  from  the  urine  of  a 
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eunuch  treated  with  testosterone.  The  conversion  of  testosterone  to 
isoandrosterone  has  also  been  demonstrated  (Dorfman,  1941). 

That  testosterone  is  metabolized  to  17-ketosteroids  in  other  spe¬ 
cies  is  evident  by  the  recovery  from  urine  of  androsterone,  isoandros¬ 
terone,  and  etiocholanol-3(a)-one-17,  respectively,  in  various  animal 
experiments.  In  the  pregnant  rehsus  monkey  (Horwitt,  Dorfman  and 
van  Wagenen,  1944)  androsterone  was  isolated.  The  male  guinea  pig 
(Dorfman  and  Fish,  1940)  yielded  isoandrosterone,  while  the  male 
chimpanzee  (Fish  and  Dorfman,  1944)  excreted  androsterone  and 
etiocholanol-3(a)-one-17. 

The  present  communication  is  concerned  with  the  isolation  and 
identification  of  metabolites  of  testosterone  in  a  normal  woman. 

EXPERIMENTAL 

The  urine  was  collected  during  the  luteal  phase  of  the  menstrual 
cycle  from  an  18-year  old  female  who  received  1.2  gm.  of  testosterone 


Table  I.  The  weight  and  ketosteroid  values  of  fractions  obtained  by  reich- 
stein’s  method  of  separation  of  the  neutral  non- 
KETONIC  AND  KETONIC  STEROIDS 


Fraction 

pH 

Wt.  (mg.) 

Ketosteroid  value 
(mg.) 

A 

12.6 

306.7 

8.5 

B 

7.0 

27.6 

1.8 

C 

4.0 

25.0 

8.9 

D 

0 

530.5 

375.0 

propionate.*  't^he  hormone  dissolved  in  sesame  oil  was  injected  intra¬ 
muscularly  in  four  doses  over  a  period  of  seven  days.  A  total  of  24.2 
liters  of  dilute  urine  was  collected  over  nine  days,  which  represented 
the  injection  and  post-injection  periods. 

The  urine  was  hydrolyzed  by  refluxing  for  15  minutes  with  10% 
concentrated  HCl.  The  acidified  urine  was  cooled  immediately,  sat¬ 
urated  with  NaCl  and  extracted  three  times  with  I  volumes  of  ben¬ 
zene  per  extraction.  The  benzene  extracts  were  combined,  washed 
with  saturated  sodium  bicarbonate,  water,  and  evaporated  to  dryness 
under  reduced  pressure.  The  residue  was  taken  up  in  300  cc.  ether  and 
the  organic  acids  and  phenols  removed  by  repeated  extraction  with 
2.5  N  sodium  hydroxide.  The  ether  extract  was  washed  with  water 
until  free  of  alkali  and  evaporated  to  dryness.  The  weight  of  the  neu¬ 
tral  fraction  was  1.8  gm. 

A  separation  of  the  ketonic  and  non-ketonic  material  of  the  neutral 
fraction  was  performed  by  Reichstein’s  modification  (1936)  of  the 
Girard-Sandulesco  method.  To  the  total  neutral  fraction,  dissolved  in 
18  cc.  methanol,  was  added  2.25  gm.  Girard’s  Reagent  T  and  1.1  cc. 

‘  The  testosterone  propionate  was  kindly  supplied  by  the  Sobering  Corporation, 
Bloomfield,  New  Jersey. 
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glacial  acetic  acid.  The  mixture  was  allowed  to  stand  over  night  at 
room  temperature  and  then  added  to  400  cc.  ice  water  containing  17.3 
cc.  2  N  sodium  hydroxide.  The  solution  was  extracted  five  times  with 
ether,  the  combined  ether  washed  with  water  and  evaporated  to  dry¬ 
ness.  This  constituted  the  non-ketonic  Fraction  A.  The  residual  aque¬ 
ous  phase  was  adjusted  to  pH  7,  4  and  0,  respectively,  with  glacial 
acetic  or  hydrochloric  acid  and  extracted  five  times  with  ether  after 
each  adjustment  in  pH.  The  weights  and  ketosteroid  values  for  the 
four  fractions  extracted  in  this  manner  are  given  Table  I. 

1.  Ketonic  Fraction  D 

A.  Digitonin  N on-Precipitahle 

434.6  mg.  of  fraction  D  were  dissolved  in  4.5  cc.  50%  ethanol.  A 
hot  solution  of  1.05  gm.  digitonin  in  38  cc.  50%  ethanol  was  added  and 
the  mixture  allowed  to  stand  over  night  at  room  temperature.  The 
digitonides  were  centrifuged,  the  supernatant  removed,  and  the  pre¬ 
cipitate  washed  several  times  with  ether,  the  washings  being  added 
to  the  supernatant.  The  combined  supernatant  and  washings  were 
evaporated  to  dryness.  The  dried  residue  containing  the  digitonin 
non-precipitable  ketonic  material  was  dissolved  in  5  cc.  pyridine  and 
heated  on  the  steam  bath  for  one  hour.  After  cooling,  the  digitonin 
was  precipitated  with  40  cc.  ether  and  centrifuged.  The  supernatant 
ether  was  transferred  to  a  separatory  funnel,  the  digitonin  washed 
five  times  with  80  cc.  portions  of  ether,  the  ethereal  solutions  com¬ 
bined,  washed  with  dilute  sulfuric  acid,  10%  sodium  hydroxide,  and 
water.  The  ether  was  evaporated  and  a  residue  of  350.0  mg.  digitonin 
non-precipitable  material  was  obtained. 

The  digitonin  non-precipitable  fraction  was  dissolved  in  carbon 
tetrachloride  and  absorbed  on  a  column  containing  10  gm.  Alerck’s 
aluminum  oxide  (Brockmann).  The  column  w'as  developed,  as  shown 

Table  II.  Chromatographic  fractionation  of  the  digitonin  non-pre¬ 
cipitable  NEUTRAL  KETONIC  FRACTION  D 


Fraction 

Solvent 

Material  obtained 

1 

50  cc.  ecu 

Orystalline  material. 

2-  3 

100  cc.  CCI4 

150  cc.  (CCL+O.lfo  CjH^OH) 

Oil. 

4-  6 

Oil. 

7-13 

350  cc.  (CCl4+0.1%  CjHsOH) 

Orystalline  material  (M.P.  164-181° 
C.) 

Minute  amount  of  oil. 

14 

50  cc.  (0014+0.1%  CiHjOH) 

15-16 

100  cc.  (0014+0.2%  CjHiOH) 

Oil. 

17-30 

700  cc.  (0014+0.2%  CjHjOH) 

Orystalline  material  (M.P.  110-142° 
C.) 

Minute  amount  of  colorless  oil  which 
crystallized  on  standing  (M.P.  129- 
141.5°  0.) 

31 

50  cc.  (0014+0.2%  CjH,OH) 

32 

50  cc.  (0014+0.3%  CjHjOH) 

Minute  amount  of  oil. 

33 

50  cc.  (0014+0.3%  OjHtOH) 

Orystalline  material  (M.P.  135°  0.) 

34-35 

100  cc.  (0014+0.5%  OjH.OH) 

Minute  amount  of  oil. 
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in  Table  II,  with  carbon  tetrachloride,  followed  by  carbon  tetrachlor¬ 
ide  containing  0.1,  0.2,  0.3  and  0.5%  absolute  ethanol. 

or  ^-Androstenone-17 

Crystallization  of  fraction  1  from  aqueous  methanol  and  recrystal¬ 
lization  from  absolute  methanol  yielded  9.6  mg.  of  a  compound  which 
melted  at  97-102°  C.^  When  mixed  with  an  authentic  sample  of  an- 
drostenone-17  (ALP.  98-100°  C.),  the  mixture  melted  at  97-102°  C. 

Androsterone 

Fractions  7-13  were  combined.  After  recrystallization  from  95% 
ethanol,  107.4  mg.  of  a  substance  melting  at  181.5-182°  C.  was  ob¬ 
tained.  There  was  no  depression  of  the  melting  point  when  mixed  with 
an  authentic  sample  of  androsterone  (AI.P.  183°  C.).  From  the  mother 
liquor  an  additional  9.4  mg.  was  isolated,  melting  at  174-176°  C.  The 
melting  point  of  a  mixture  of  the  compound  with  an  authentic  sample 
of  androsterone  was  174-179°  C. 

Preparation  of  the  acetate  and  the  benzoate  yielded  compounds 
melting  at  158-160°  C.  and  175°  C.  respectively.  Neither  melting 
point  was  depressed  when  mixed  with  an  authentic  sample  of  the  re¬ 
spective  androsterone  ester. 

Etiocholanol-3{a)-one-l  7 

Fractions  17-30  were  combined  and  recrystallized  once  from 
aqueous  methanol  and  again  from  absolute  methanol.  31.8  mg.  of  a 
substance  melting  at  136-138°  C.  and  145-147°  C.  was  obtained.  An 
additional  20  mg.  was  isolated  from  the  mother  liquor  with  a  melting 
point  of  131-137°  C.  and  145-146°  C.  There  was  no  depression  of  the  ] 
melting  point  when  either  crop  was  mixed  with  an  authentic  sample  of 
etiocholanol-3(a)-one-17.  The  remaining  mother  liquors  yielded  30.6 
mg.  of  a  compound  melting  at  125-130°  C.  After  acetylation  of  this  ; 
crude  material,  19.6  mg.  of  a  compound  melting  at  91-93°  C.  was  ob¬ 
tained.  WTien  mixed  with  an  authentic  sample  of  etiocholanol-3(a)- 
one-17  acetate  (M.P.  91-93°  C.),  the  mixture  melted  at  91-93°  C. 

Fractions  31-33  were  combined  and  after  one  recrystallization 
from  absolute  methanol,  4.4  mg.  etiocholanol-3(a)-one-17  with  M.P.  . 
of  136-138°  and  146-147°  C.  was  isolated.  | 

B.  Digitonin  Precipitable  ^ 

The  dried  digitonides  were  decomposed  with  pyridine  as  above  and  ^ 
the  digitonin  precipitated  with  ether.  The  weight  of  the  neutral  ke-  | 
tonic  digitonin  precipitable  fraction  was  57.1  mg.  It  was  taken  up  in 
15  cc.  carbon  tetrachloride  and  adsorbed  on  aluminum  oxide  (Brock- 

*  All  melting  points  were  taken  with  the  Fischer-Johns  apparatus  and  are  uncor-  |, 
rected.  | 
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Table  III.  Chromatographic  fractionation  of  the  digitonin  precipitable 
NEUTRAL  KETONIC  FRACTION  D 


Fraction 

Solvent 

Material  obtained 

1 

50  cc.  CCI4 

Orystals(M.P.  88-91“  0.) 

2 

50  cc.  CC1« 

Minute  amount  of  crystalline  material 
(M.P.  120-140“  0.) 

.3-  5 

75  cc.  CCI4 

Minute  amount  of  oil. 

tv-  9 

100  cc.  (CCl4-t-0.1%  CjHsOH) 

Minute  amount  of  oil. 

10-11 

50  cc.  (CCl4-|-0.2%  CsHsOH) 

Minute  amount  of  oil. 

12-14 

75  cc.  (CCl4-t-0.2%  CjHsOH) 

Very  small  amount  of  crystalline  ma¬ 
terial  (M.P.  1 13-136“  0.) 

15-22 

200  cc.  (CCl4-|-0.2%  CjHtOH) 

Orystals  (M.P.  174-183“  0.) 

23-24 

50  cc.  (0014+0.2%  O1H4OH) 

Small  amount  of  crystalline  material 
(M.P.  157.5-175“  0.) 

25-30 

150  cc.  (0014+0.2%  OiHjOH) 

Oil. 

31-34 

100  cc.  (0014+0.3%  OjHjOH) 

Small  amount  of  oil. 

35-38 

100  cc.  (0014+0.5%  OjHsOH) 

Small  amount  of  oil. 

39-46 

200  cc.  (OOI4  +  1 .0%  OjHsOH) 

Small  amount  of  oil. 

47-48 

100  cc.  (0014+5.0%  OiHsOH) 

Very  small  amount  of  crystalline  ma¬ 
terial  (M.P.  234-236“  C.) 

49 

50  cc.  (0014+5.0%  OjHjOH) 

Minute  amount  of  oil. 

mann).  Elution  was  performed,  as  shown  in  Table  III,  with  carbon 
tetrachloride  and  increasing  concentrations  of  absolute  alcohol. 

A*  or  ^-Androstenone-17 

Crystallization  of  fraction  1  from  aqueous  methanol  and  recrystal¬ 
lization  twice  from  absolute  methanol  yielded  12.5  mg.  of  a  com¬ 
pound  melting  at  97-98°  C.  A  mixture  with  an  authentic  sample  of 
androstenone-17  melted  at  97-100°  C.  From  the  mother  liquors  an 
additional  6.2  mg.  was  obtained  with  a  melting  point  of  98.5-99°  C. 
No  depression  of  the  melting  point  resulted  from  a  mixture  with  an 
authentic  sample  of  androstenone-17. 

Androslerone 

Fractions  15-22  were  combined,  crystallized  once  from  aqueous 
ethanol  and  recrystallized  from  95%  ethanol.  9.4  mg.  of  a  compound 
melting  at  182-183°  C.  was  obtained.  A  mixture  with  an  authentic 
sample  of  androsterone  melted  at  182-183°  C.  The  mother  liquors 
yielded  an  additional  3.8  mg.  of  the  compound  melting  at  179-182°  C. 
When  mixed  with  androsterone  (M.P.  183°  C.)  the  mixture  melted 
at  180.5-183°  C. 


Table  IV.  Ketosteroids  isolated  from  the  urine  of  a  normal  woman  following 

THE  ADMINISTRATION  OF  1.2  GRAMS  OF  TESTOSTERONE  PROPIONATE 


Substances  isolated 

Digitonin  non-precipitable 
fraction 

Digitonin  precipitable 
fraction 

Mg. 

%  Fr.  D. 

Mg. 

%  Fr.  D 

A*  or  ’-Androstenone-l  7 

11.7 

2.2 

22.8 

4.3 

Androsterone 

142.6 

26.9 

15.5 

2.9 

Etiocholanol-3(a)-one-l  7 

88.6 

16.7 

0 

0 
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Fractions  12,  13  and  14  were  combined  and  crystallized  from  50% 
methanol.  Recrystallization  from  absolute  methanol  yielded  a  very 
small  quantity  of  a  compound  melting  at  134-140°  C.  which  was  not 
identified. 

A  summary  of  the  ketosteroids  isolated  from  Fraction  D  is  pre¬ 
sented  in  Table  IV. 

II.  Non-Ketonic  Fraction  A 

A.  Digitonin  N on-Precipitahle 

The  non-ketonic  fraction  A  was  submitted  to  digitonin  precipita¬ 
tion  in  90%  ethanol.  The  digitonin  non-precipitable  material  which 
weighed  247.5  mg.  was  acetylated,  dissolved  in  10  cc.  of  a  1 : 1  mixture 
of  petroleum  ether  and  benzene,  and  adsorbed  on  a  column  containing 
10  gm.  of  aluminum  oxide  (Brockmann).  The  column  was  developed 
as  shown  in  Table  V.  Elution  wdth  increasing  concentrations  of  ben¬ 
zene  and  with  mixtures  of  benzene  and  ether  yielded  non-crystalline 
material. 


Table  V.  Chromatographic  fractio.vation  of  the  acetate  of  the  digitonin  non- 
precipitable  NEUTRAL  NON-KETONIC  FRACTION  A 


Fraction 

.  Solvent 

Material  obtained 

1 

25  cc.  (benzene  -f  50%  petroleum  ether) 

Yellow  oil — partially  crystal¬ 
lized. 

2 

25  cc.  (benzene -|- 50%  petroleum  ether) 

Oil. 

3 

25  cc.  (benzene +50%  petroleum  ether) 

Crystalline  material — M.P. 

145-150° C. 

4-  8 

125  cc.  (benzcne+50%  petroleum  ether) 

Oil. 

9-12 

100  cc.  (benzene +33%  petroleum  ether) 

Oil. 

After  repeated  recrystallizations  from  methanol,  0.8  mg.  of  a  sub¬ 
stance  melting  at  155-158.5°  C.  was  obtained  from  fraction  3.  The 
mother  liquors  yielded  another  2.2  mg.  of  the  substance  with  a  melt¬ 
ing  point  of  151-155°  C.  After  hydrolysis  the  compound  melted  at 
217-221°  C.  The  melting  point  of  a  mixture  of  this  compound  with 
an  authentic  sample  of  pregnanediol-3(a)-20(a)  (M.P.  231-233°  C.) 
was  189.5-203°  C.,  showing  a  definite  depression.  WTien  mixed  with 
an  authentic  sample  of  androstanediol-3(a)-17(a)  (M.P.  221-223° 
C.),  the  mixture  melted  at  215-220°  C.  Androstanediol-3(a)-17(a:)  has 
been  obtained  by  partial  synthesis  (Butenandt  and  Tscherning,  1934; 
Ruzicka,  et  al.,  1934;  and  Marker,  1940).  These  three  groups  of 
workers  reported  melting  points  for  this  compound  as  221°  C.,  223° 
C.  and  219-222°  C.,  respectively.  Their  respective  diacetate  deriva¬ 
tives  melted  at  159-160°  C.,  162-163°  C.  and  160-162°  C. 

A  sample  of  the  androstanediol-3(a)-17(a)  isolated  from  the  urine 
was  assayed  for  androgenic  activity  and  compared  to  the  biological 
activities  of  authentic  samples  of  androsterone  and  androstanediol- 
3(a)-17(a)  by  the  method  of  Frank  and  co-w’orkers  (1942).  The  au- 
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thentic  sample  of  androstanediol-3(a)-17(Q:)  proved  to  be  twice  and 
four  times  as  active  on  the  chick’s  comb  when  studied  at  two  concen¬ 
trations,  while  the  sample  isolated  from  urine  was  twice  as  active  as 
androsterone. 

B.  Digitonin  Precipitable 

The  digitonin  precipitable  material  of  the  non-ketonic  fraction  A 
was  acetylated.  The  weight  of  the  acetylated  material  was  13.4  mg. 
It  was  dissolved  in  10  cc.  of  a  mixture  of  petroleum  ether  and  10% 
benzene  and  adsorbed  on  5.0  gm.  aluminum  oxide  (Brockmann). 
Elution  was  carried  out  with  petroleum  ether  containing  increasing 
concentrations  of  benzene,  as  shown  in  Table  VI. 

Table  VI.  Chromatographic  fractionation  of  acetylated  digitonin  precipi¬ 
table  NEUTRAL  NON-KETONIC  SUBSTANCES  OF  FRACTION  A 

Fraction  Solvent  Material  obtained 

1-  5  175  cc.  (petroleum  ether  4-10%  benzene)  Small  amount  of  crystalline  ma¬ 

terial. 

6  50  cc.  (petroleum  ether  4-10%  benzene)  Minute  amount  of  oil. 

7-10  200  cc.  (petroleum  ether  4-25%  benzene)  Minute  amount  of  oil. 

11-14  200  cc.  (petroleum  ether  4-50%  benzene)  Minute  amount  of  oil. 

15-18  200  cc.  (petroleum  ether  4-50%  benzene)  ■  Small  amount  of  crystalline  ma¬ 

terial  (M.P.  135.5-140°  C.) 

19-20  100  cc.  (petroleum  ether -f  75%  benzene)  Minute  amount  of  oil.  , 

Cholesterol 

Fractions  15-18  were  combined  and  crystallized  from  absolute 
methanol.  After  recrystallization  from  the  same  solvent,  1.3  mg.  of  a 
compound  melting  at  142.5*-143.5°  C.  was  obtained.  No  change  in 
melting  point  followed  saponification.  A  mixed  M.P.  with  an  authentic 
sample  of  cholesterol  (M.P.  144-145°  C.)  gave  no  depression.  Appar¬ 
ently,  the  cholesterol  was  not  acetylated  and  was  obtained  from  the 
column  in  the  free  form. 

Fractions  1-5  were  combined  and  recrystallized  repeatedly  from 
absolute  methanol  and  95%  ethanol.  A  compound  with  a  IVI.P.  of 
120-122°  C.  was  obtained.  Hydrolysis  of  this  acetate  yielded  a  sub¬ 
stance  melting  at  142°  C.  No  further  identification  was  possible  due 
to  the  small  quantity  of  material. 

DISCUSSION  AND  CONCLUSIONS 

The  total  ketosteroid  content  of  the  urine  collected  during  the 
three  days  of  testosterone  administration,  as  well  as  the  six  days  fol¬ 
lowing  injections,  was  394.2  mg.  An  average  of  43.8  mg.  ketosteroids 
per  day  was  thus  excreted  during  the  nine  days  experimental  period. 
A  urine  specimen  collected  six  weeks  after  the  administration  of 
testo.sterone  contained  12.5  mg.  per  24  hours.  A  250%  increased  ex¬ 
cretion  of  ketosteroids  over  the  control  level  was  obtained. 
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Of  the  530.5  mg.  crude  oil  of  fraction  D,  6.5%  was  isolated  and 
identified  as  A*  or  ®-androstenone-17,  29.8%  was  androsterone  and 
16.7%  was  accounted  for  by  etiocholanol-3(a)-one-17.  On  the  basis 
of  the  values  obtained  by  the  Callows  (1938,  1939)  who  isolated  1.3 
mg.  of  both  androsterone  and  etiocholanol-3(a)-one-17  per  liter  of 
urine  from  normal  women,  11.7  mg.  of  both  these  steroids  may  have 
arisen  from  some  endogenous  source  over  the  nine  days,  assuming 
that  the  administration  of  testosterone  caused  no  change  in  the  en¬ 
dogenous  production  of  these  steroids.  After  correcting  for  endogenous 
androsterone  and  etiocholanol-3(a)-one-17,  3.4%  of  the  administered 
testosterone  was  recovered  as  A^  or  ®-androstenone-17,  14.6%  as  an¬ 
drosterone,  and  7.7%  as  etiocholanol-3(a)-one-17. 

The  amounts  of  ketosteroids  recovered  from  the  urine  of  a  normal 
female  after  the  administration  of  testosterone  compares  favorably 
with  those  recovered  from  man  and  animals.  Callow  (1939)  recovered 
21.8%  in  the  form  of  androsterone  and  etiocholanol-3(a)-one-17  from 
the  urine  of  a  male  hypogonad  treated  with  testosterone.  From  the 
urine  of  a  normal  female,  25.7%  of  the  administered  testosterone  was 
recovered  in  the  form  of  androsterone,  etiocholanol-3(a)-one-17,  and 
A*  or  ®-androstenone-17  which  was  probably  formed  from  androsterone 
during  the  hydrolysis  procedure  (Venning,  Hoffman  and  Browne, 

1942). 

It  seems  likely  that  the  substance  with  a  ^I.P.  of  217-221°  C.  ob¬ 
tained  from  the  non-ketonic  digitonin  non-precipitable  fraction  was  , 
androstanediol-3(a)-17(a).  No  reports  of  its  isolation  from  urine  have  I 
appeared  in  the  literature.  VTiether  this  is  a  constituent  of  normal  ■ 
urine  unrelated  to  the  testosterone  administered,  or  whether  it  arose 
as  a  metabolite  of  testosterone  cannot  be  decided  at  this  time.  ] 

The  injection  of  1.2  gm.  of  testosterone  propionate  produced  a 
definite  effect  on  the  clitoris,  but  had  no  effect  on  the  menstrual  cycle.  I 
The  first  administration  of  the  hormone  was  given  on  the  16th  day  * 
of  the  cycle.  Twelve  days  later  the  patient  had  a  normal  menstrual 
period.  Salmon  (1941)  has  observed  that  when  testosterone  is  admin¬ 
istered  during  the  luteal  phase  of  the  menstrual  cycle,  the  next  ex¬ 
pected  flow'  is  not  inhibited.  . 

SUMMARY  j 

Androsterone,  etiocholanol-3(a)-one-17  and  A*  or  ’-androstenone-  1 

17  have  been  isolated  from  the  urine  of  a  normal  human  female  fol-  | 
lowing  the  administration  of  1.2  gm.  of  testosterone  propionate.  The  j 
bulk  of  the  A^  or  ®-androstenone-17  was  isolated  from  the  digitonin  , 
precipitable  ketonic  fraction.  This  w^as  probably  due  to  the  fact  that 
the  digitonin  precipitation  was  carried  out  in  50%  ethanol.  | 

The  percentage  recovery  of  urinary  metabolites  of  testosterone  | 
was  greater  in  this  study  than  those  reported  for  men.  j 
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A  small  quantity  of  a  non-ketonic  substance  melting  at  217-221° 
C.  was  obtained.  It  is  quite  likely  that  this  substance  is  androstane- 
diol-3(a)-17(a).  It  is  difficult  to  say  at  this  time  whether  this  com¬ 
pound  is  a  metabolite  of  testosterone. 
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ESTROGENS,  THIOUREA,  THIOURACIL,  AND  THE 
TOLERANCE  OF  RATS  TO  SIMULATED  HIGH 
ALTITUDES  (LOW  ATMOSPHERIC 
PRESSURES)'^ 
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AND  HARRY  A.  CHARIPPER 
From  the  Department  of  Biology,  Washington  Square  College 
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WASHINGTON  SQUARE,  N.  Y. 

Experimental  work  by  several  groups  of  investigators  (Gordon, 
Goldsmith,  and  Charipper,  1944;  Hughes  and  Astwood,  1944;  Le- 
blond,  1944)  has  established  the  fact  that  thiourea  and  thiouracil 
given  in  proper  dosages  and  over  a  suitable  period  will  increase  the 
tolerance  of  rats  to  the  anoxia  produced  by  lowered  barometric  pres¬ 
sures.  These  drugs  are  members  of  a  group  of  compounds  known  to 
interfere  with  the  production  of  normal  thyroid  hormone  (Mackenzie 
and  Mackenzie,  1943;  Astwood,  1943;  Astwood,  Sullivan,  Bissell  and 
Tyslowitz,  1943;  Rest  on.  Goldsmith,  Gordon  and  Charipper,  1944; 
Franklin,  Lerner  and  Chaikoff,  1944;  Demp.sey,  1944)  and  in  this  way 
serving  to  lower  the  basal  metabolic  rate  (^Mackenzie  and  Mackenzie, 
1943;  Astwood,  Sullivan,  Bissell  and  Tyslowitz,  1943).  It  has  been  re¬ 
ported  previously  that  thyroidectomized  rats  withstand  exposures 
to  anoxia  induced  by  reduced  atmospheric  pressures  better  than  do 
normal  animals  (Streuli,  1918;  Duran,  1920;  Barach,  Eckman  and 
Molomut,  1943).  Administration  of  thyroid  or  anterior  pituitary  sub¬ 
stance  increases  the  sensitivity  of  animals  to  oxygen  deficiency  (Streu¬ 
li,  1918;  Duran,  1920;  Houssay  and  Rietti,  1932;  Campbell,  1935). 

Gordon,  Tornetta,  D’Angelo  and  Charipper  (1943)  have  observed 
that  females  tolerate  lowered  barometric  pressures  better  than  males. 
Estradiol  benzoate  and  diethylstilbestrol  have  been  found  to  increase 
the  survival  times  of  normal  and  adrenalectomized  adult  male  rats 
exposed  to  simulated  high  altitudes  (Davis  and  Jones,  1943).  The.se 
beneficial  effects  of  estrogens  might  be  ascribed  to  their  ability  to 
depress  thyroid  activity.  Thus  far,  however,  the  experimental  studies 
and  clinical  observations  on  gonad-thyroid  relations  have  yielded 
contradictory  results  (cf.  Farbman,  1944).  Farbman  (1944)  has  con¬ 
cluded  that  large  doses  of  estrogenic  hormones  seem  to  exert  some  in- 

Received  for  publication  March  16, 1945. 
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’  A  preliminary  report  on  some  phases  of  this  work  has  already  been  published 
(Goldsmith,  Gordon  and  Charipper,  1944). 
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hibitory  effect  on  the  thyroid  in  moderate  cases  of  hyperthyroidism 
but  not  enough  to  be  apparent  in  cases  of  severe  and  moderately 
severe  toxicity.  Tagliaferro  (1933)  has  reported  a  reduction  in  thyroid 
activity  following  the  administration  of  estrogen  to  rats  and  guinea 
pigs  for  20  days  or  more.  Treatment  for  shorter  periods  seemed  to 
have  stimulated  rather  than  to  have  inhibited  the  thyroid. 

In  view  of  these  findings,  it  seemed  worthwhile  to  reinvestigate 
the  effects  of  certain  estrogens  on  “resistance”  of  rats  to  lowered  pres¬ 
sure  and  to  determine,  in  addition,  whether  such  hormones  w  ould  en¬ 
hance  the  beneficial  action  of  thiourea  or  thiouracil  on  “altitude” 
tolerance. 

PROCEDURE 

Adult  rats  of  an  inbred  hooded-Wistar  strain  were  used.  In  one.  series 
(Series  I)  18  adult  female  and  16  adult  male  rats  were  fed  a  diet  containing 
0.5%  thiourea  for  12  days.  At  this  time,  9  of  the  females  and  8  of  the  males 
were  given  daily  subcutaneous  injections  of  0.05  mg.  estradiol  dipropionate^ 
in  0.05  cc.  sesame  oil  for  9  days.  The  remaining  9  females  and  8  males  were 
injected  with  0.05  cc.  sesame  oil.  All  were  continued  on  the  thiourea  ration. 
Sixteen  additional  females  and  16  additional  males  were  carried  on  the  rou¬ 
tine  laboratory  stock  diet.  Of  these  animals,  8  males  and  8  females  w-ere  in¬ 
jected  W'ith  0.05  mg.  estradiol  dipropionate  for  9  days;  the  remaining  16 
animals  received  injections  of  sesame  oil  and  served  as  controls.  Oxygen  con¬ 
sumption  was  measured  in  representative  animals  by  the  method  of  Tainter 
and  Rytand  (1934). 

In  another  series  (Series  2)  30  males  w’ere  fed  a  diet  containing  0.2% 
thiouracil  for  13  days.  At  this  time  10  of  the  animals  w’ere  given  daily  sub¬ 
cutaneous  injections  of  0.05  mg.  estradiol  benzoate.  Ten  others  received 
diethylstilbestrol  in  sesame  oil  and  the  remaining  10  were  injected  with  se¬ 
same  oil.  All  were  continued  on  the  thiouracil  diet  during  the  8  days  of  in¬ 
jection.  Of  the  30  additional  males  maintained  on  the  laboratory  stock  diet, 
10  were  injected  with  estradiol  benzoate,  10  received  injections  of  diethyl¬ 
stilbestrol,  and  10  were  given  sesame  oil  alone  and  served  as  controls. 

All  animals  were  fed  ad  libitum  up  to  the  time  of  exposure^  to  low’  pres¬ 
sure  and  were  not  given  food  during  exposure. 

Three  experiments  were  run  at  different  times  and  the  data  are  to  be  seen 
in  Tables  I  and  II. 

All  animals  were  exposed  to  lowered  barometric  pressures  in  a  specially 
constructed  steel  low  pressure  chamber  equipped  with  a  neon  light  and 
several  observation  windows.  The  pressure  in  the  chamber  was  reduced  over 
a  period  of  20  minutes.  The  males  were  subjected  to  a  pressure  of  190  mm. 
Hg.  (34,000  ft.)  and  the  females  to  160  mm.  Hg.  (37,000  ft.)  for  2  hours. 
Once  the  reduced  pressure  was  established  the  time  for  complete  cessation 
of  respiration  in  each  animal  was  recorded.  Those  females  and  males  (Series 
1)  which  survived  the  2  hour  exposure  were  brought  gradually  to  56.8  mm. 

’  We  wi.sh  to  thank  Drs.  B.  W.  Carey  and  S.  M.  Hardy  of  the  Lederle  Laboratories, 
Pearl  River,  N.  Y.,  for  the  thiouracil  and  Dr.  Erwin  Schwenk  of  Sobering  Corp.,  for  the 
estrogens. 

*  Except  for  those  rats  in  which  Oj  consumption  determinations  were  made  (sec 
Table  I). 
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Table  I.  Action  of  thiourea  and  estradiol  dipropionate  on 

RESISTANCE  TO  LOW  BAROMETRIC  PRESSURES 
Series  t 


Treatment 

No. 

of 

rats 

.Aver,  initial* 
weight 
(gm.) 

Aver.  6nal 
weight 
(gm.) 

Thyroid 

mg/100 

gm. 

Ot  consumed^ 
cc/cm  /hr.  ± 
Av.  Dev. 

Aver,  survival 
time 
(min.) 

Aver,  de¬ 
gree  of 
lung 
hemor¬ 
rhage 

A.  MALES 
Thiourea*  + 
ses.  oil 

8 

182 

(154-206) 

180 

(154-200) 

26.7 

0.77  +  0.08 

>120  (8)» 

62.5 

Stock  diet  + 
ses.  oil 

8 

179 

(162-208) 

195 

(182-230) 

6.5 

1.11±0.15 

36.2  (0) 
(10-A9) 

77.5 

Thiourea  + 
estrad. diprop. 

7 

177 

(135-204) 

161 

(1.34-173) 

25.9 

0.62  +  0.04 

>120  (7) 

77.5 

Stock  diet  + 
estrad.  diprop. 

8 

179 

(150-238) 

168 

(145-218) 

7.2 

0.9210.07 

38.3  (0) 
(1-76) 

70.0 

B.  FEMALES 
Thiourea  + 
sea.  oil 

9 

171 

(145-202) 

168 

(145-200) 

20.4 

0.6610.02 

>120  (9) 

66.5 

Stock  Diet  H- 
ses.  oil 

9 

172 

(150-218) 

175 

(155-246) 

7.3 

0.9810.06 

75.8  (4) 
(68-102) 

52.5 

Thiourea  4* 
estrad.  diprop. 

9 

171 

(140-218) 

157 

(130-188) 

20.5 

0.6610.05 

>120  (9) 

62.0 

Stock  diet  + 
estrad.  diprop. 

8 

167 

(150-192) 

167 

(152-194) 

6.8 

0.8310.05 

60.8  (3) 
(20-85) 

71.2 

•  The  day  injections  were  begun. 

•  0.5%  thiourea  given  for  21  days. 

•  In  parentheses  are  indicated  the  numbers  of  animals  which  survived  the  2  hr.  exposure. 

‘  Mean  oxygen  consumption  for  3  representative  animals  in  each  group.  These  rats  were  deprived  of  food 
18  hrs.  before  the  determinations,  which  were  made  1-2  days  prior  to  low  pressure  exposure. 


Hg.  (59,000  ft.)  and  79.3  mm.  Hg.  (52,000  ft.)  re.spectively  over  a  period  of 
50  additional  minutes.  The  male  survivors  (Series  2)  were  brought  to  105.7 
mm.  Hg.  (46,000  ft.)  over  a  period  of  20  additional  minutes. 

At  the  termination  of  the  experiment  all  animals  were  autopsied.  The 
thyroids  and  adrenals  (Series  2)  were  dissected  and  weighed  to  the  nearest 


Table  II.  Action  of  thiouracil,  estradiol  benzoate  and  diethyl- 

STILBESTROL  ON  RESISTANCE  TO  LOW  BAROMETRIC  PRESSURES 
Series  t 


Aver,  de- 


Treatment 

No. 

of 

rats 

Aver,  initial* 
weight 
(gm.) 

Aver,  final 
weight 
(gm.) 

Thyroid 

mg/100 

gm. 

Adrenal 

mg/100 

gm. 

Aver,  survival 
time 
(min.) 

gree  of 
lung 
hemor¬ 
rhage 

Thiouracil* 
ses.  oil 

8 

160 

(116-194) 

169 

(135-216) 

33.1 

18.0 

44.5  (4)* 
(35-59) 

57.5 

Stock  diet  + 
ses.  oil 

8 

175 

(145-200) 

190 

(165-212) 

9.0 

19.5 

19.8  (0) 
(7-78) 

43.7 

Thiouracil  -1- 
estrad.  bens. 

9 

175 

(144-230) 

157 

(132-200) 

36.8 

24.5 

91.6  (6) 
(36-126) 

40.0 

Stock  diet  + 
estrad.  bens. 

10 

174 

(152-210) 

156 

(121-186) 

10.2 

26.6 

19.2  (0) 
(1-66) 

72.5 

Thiouracil  + 
dietbybtilbestrol 

10 

174 

(120-212) 

149 

(122-174) 

32.9 

28.9 

48.0  (5) 
(31-88) 

40.0 

Stock  diet  + 
diethylstilbestrol 

10 

166 

(130-196) 

141 

(115-178) 

9.9 

35.6 

20.0  (0) 
(1-45) 

92.5 

'  The  day  injections  were  begun. 

•  0.2%  thiouracil  given  for  21  days. 

•  In  parentheses  are  indicated  the  numbers  of  animals  which  surWved  the  2  hr.  exposure. 
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milligram  on  a  torsion  balance.  The  eyes  were  examined  for  lens  cataract, 
which  has  been  described  previously  (Bellows  and  Nelson,  1944;  Gordon, 
Goldsmith  and  Charipper,  1944‘’),  and  the  lungs  for  signs  of  hemorrhage. 
Following  the  method  of  Lawson,  Carnes  and  Thienes  (1943),  which  we  have 
employed  previously,  the  lung  condition  was  judged  as  o,  +,  ++,  +  ++, 
or  +  +  +  +,  depending  on  the  severity  of  the  hemorrhage.  The  average  de¬ 
gree  of  damage  was  computed  by  adding  the  number  of  “plusses”  and  divid¬ 
ing  this  total  by  the  number  of  animals  in  the  group.  This  figure  was  then 
multiplied  by  25,  the  extent  of  hemorrhage  thus  being  given  as  percent. 

RESULTS 

The  effects  of  thiourea,  thiouracil  and  the  estrogens  are  presented 
in  Tables  I  and  II.  These  results  were  not  pooled  because  of  the  varia¬ 
tion  in  the  tolerance  to  low  pressures  exhibited  by  normal  rats  from 
day  to  day. 

None  of  the  male  rats  on  the  stock  diet  either  with  or  without 
estradiol  dipropionate  injections  survived  a  2  hr.  exposure  to  a  baro¬ 
metric  pressure  of  190  mm.  Hg.  (34,000  ft.)  whereas  all  the  males  on 
the  thiourea  ration  did  survive  (Table  I).  All  females  showed  greater 
tolerance  to  even  higher  altitudes  (reduced  pressures,  16  mm.  Hg., 
37,000  ft.).  However,  no  beneficial  effects  of  the  administered  estra¬ 
diol  dipropionate  could  be  discerned.  The  thiourea  diet  afforded  all 
animals  protection  not  only  during  the  initial  2  hr.  exposure  but  dur¬ 
ing  the  additional  time  the  pressure  was  slowly  lowered.  Estrogens 
gave  no  further  protection  to  the  thiourea-  or  thiouracil-treated  rats 
either  during  the  initial  2  hr.  period  of  exposure  or  in  the  subsequent 
period.  The  results  with  the  estradiol  benzoate  and  diethylstilbestrol 
are  similar  to  those  obtained  with  the  estradiol  dipropionate. 

Neither  the  estrogens  alone  nor  in  combination  with  thiourea  or 
thiouracil  provided  protection  to  the  lungs.  None  of  the  drugs  used 
here  spared  the  animals  from  the  development  of  lens  cataracts. 

The  increase  in  weight  observed  in  the  thyroid  glands  of  all  of  the 
thiourea  and  thiouracil-treated  animals  was  evidence  of  the  existing 
state  of  functional  hypothyroidism,  as  has  been  shown  so  strikingly 
by  the  Mackenzies  (1943),  Astwood  and  his  cow'orkers  (1943)  and 
others. 

The  thyroid  weights  of  both  control  and  thiourea-  and  the  thi¬ 
ouracil-treated  rats  were  not  influenced  by  the  estrogens  (cf.  Segaloff, 
1944).  They  did,  however,  produce  an  enlargement  of  the  adrenal. 

The  metabolic  data  for  Series  1  (Table  I)  indicated  that,  although 
thiourea  depresses  the  BMR  significantly,  estrogen  did  not  further 
diminish  O2  consumption  and  appeared  to  exert  no  significant  effect 
when  given  alone. 

DISCUSSION 

The  data  obtained  in  these  studies  confirm  the  previously  re¬ 
ported  findings  of  Gordon,  Goldsmith  and  Charipper  (1944),  Hughes 
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and  Astwood  (1944),  Leblond  (1944),  and  the  unpublished  observa¬ 
tions  (Goldsmith,  Gordon  and  Charipper)  that  thiourea  or  thiouracil 
is  capable  of  increasing  the  resistance  of  rats  to  lowered  barometric 
pressures. 

It  is  clear  from  the  results  obtained  here  that  daily  injections  of 
0.05  mg.  of  estradiol  dipropionate,  estradiol  benzoate  or  diethylstil- 
bestrol  over  a  period  of  8  to  9  days  did  not  improve  the  resistance  of 
adult  rats  to  lowered  barometric  pressures.  The  oxygen  consumption 
experiments  indicate  that  the  estrogens,  in  the  dosages  employed, 
did  not  affect  significantlj’^  the  BAIR  in  the  normal  or  in  the  thioura- 
treated  rats.  The  possibility  remains  that  if  the  estrogens  had  been 
administered  in  different  amounts  over  a  longer  period  (Tagliaferro, 
1933)  positive  effects  might  have  been  obtained.  However,  it  is  felt 
on  the  basis  of  our  results  that  the  greater  resistance  to  lower  baro¬ 
metric  pressures  exhibited  by  the  female  as  compared  with  the  male 
rat  (Table  I  and  Gordon,  et  al.,  1943)  is  not  due  to  differences  in  fe¬ 
male  sex  hormone  levels  in  the  two  sexes. 

We  have  thus  been  unable  to  confirm  the  results  of  Davis  and 
Jones  (1943)  who  have  found  that  estrogens  increase  the  tolerance  of 
rats  to  low  barometric  pressures.  However,  certain  differences  in  the 
procedure  employed  may  account  for  the  differences  in  results.  Ex¬ 
amination  of  their  data  indicates  that  their  more  striking  results 
were  obtained  with  animals  lighter  than  those  employed  by  us.  More¬ 
over,  their  experiments  were  conducted  at  pressures  varying  from 
27,000-32,000  feet  for  both  males  and  females  whereas  the  present 
experiments  were  carried  out  at  lower  pressures  (i.e.  34,000  feet  for 
the  males  and  37,000  feet  for  the  females).  At  these  “altitude”  levels 
none  of  the  males  generally  survives  the  2  hour  exposure  whereas  with 
lower  “altitudes”  considerable  fluctuations  in  mortality  occur. 

The  negative  results  with  the  estrogens  were  in  contrast  to  the  ex¬ 
cellent  performance  of  the  animals  which  were  given  thiourea  or  thi¬ 
ouracil  ration  for  21  days.  The  mechanism  whereby  the  beneficial  re¬ 
sults  obtained  in  these  and  previous  experiments  is  effected  is  as  yet 
not  fully  clear.  These  effects  could  be  mediated  through  a  smaller  need 
for  oxygen,  or  as  Hughes  and  Astwood  (1944)  have  indicated,  thi- 
ouracil-treated  animals  may  be  capable  of  utilizing  the  available 
oxygen  more  efficiently.  They  suggest,  further,  that  these  drugs  may 
also  alter  metabolism  qualitatively  so  that  an  anaerobic  source  of 
energy  may  be  made  available  (Hughes  and  Astwood,  1944;  Himwich, 
et  al.,  1942).  These  observations,  the  results  obtained  by  Hoff  and 
Yahn  (1944)  with  dilantin  and  the  dilantin-thiouracil  synergism 
described  by  Gordon,  Goldsmith  and  Charipper  (1944b)  emphasize 
the  possibility  of  more  than  one  mechanism  and  the  need  for  further 
elucidation  of  the  problem. 
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SUMMARY 

Additional  evidence  is  presented  to  demonstrate  the  effectiveness 
of  thiourea  and  thiouracil  in  increasing  the  resistance  of  rats  to  low¬ 
ered  barometric  pressures.  Daily  injections  of  0.05  mg.  of  estradiol 
dipropionate,  estradiol  benzoate  or  diethylstilbestrol  do  not  prolong 
the  survival  times  of  rats  subjected  to  reduced  barometric  pressures, 
nor  do  they  enhance  the  protective  powers  of  thiourea  or  thiouracil. 
These  estrogens  do  not  affect  thyroid  size  or  oxygen  consumption  but 
induce  adrenal  enlargement.  The  ability  of  females  to  tolerate  low 
pressures  better  than  males  remains  unexplained. 
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STUDIES  ON  THE  HORIMOXAL  CONTROL  OF  ESTROUS 
PHENOMENA  IN  THE  ANESTROUS  EWE 

n.  H.  COLE,  G.  H.  HART  and  R.  F.  MILLER 
From  the  Division  oj  Animal  Husbandry,  University  of  California 

DAVIS,  CALIFORNIA 

The  nonpregnant  ewe  of  most  mutton  breeds  has  a  sexual  season 
of  approximately  6  months  followed  by  an  anestrous  period  of  equal 
duration.  Some  breeds  such  as  the  Merino,  Rambouillet  and  Dorset 
Horn  have  a  shorter  anestrus.  Environment  may  also  influence  the 
onset  of  the  sexual  season.  During  anestrus  an  opportunity  is  afforded 
to  study  the  mechanism  of  control  of  estrous  phenomena  not  furnished 
in  polyestrous  animals,  except  in  the  infantile  and,  in  some  instances, 
the  lactating  animal.  Perhaps  the  situation  is  more  complex  in  semi- 
polyestrous  animals  such  as  the  ewe.  Conceivably  the  onset  of  anes¬ 
trus  may  be  related  to  the  development  of  inhibitory  substances  not 
encountered  in  polyestrous  animals.  The  induction  of  estrus,  in  that 
instance,  might  depend  upon  the  neutralization  or  overriding  of  an 
inhibitory  substance  rather  than  simply  the  direct  stimulation  of  the 
reproductive  organs. 

Earlier  studies  (Cole  and  Miller,  1933  and  1935)  on  the  induction 
of  estrus  in  anestrous  ewes  with  equine  gonadotropin  (pregnant  mare 
serum)  indicated  that  the  response  to  this  hormone  is  highly  variable. 
In  the  present  investigations,  not  only  different  dosages  have  been 
studied  but  also  the  effect  of  supplementing  this  substance  with  other 
hormones:  estrogen,  progesterone  and  androgen.  Equine  gonado¬ 
tropin  is  very  effective  in  producing  ovulation ;  other  hormones  have 
been  used  to  supplement  it  to  produce  estrus  (sexual  receptivity). 

EXPERIMENTAL 

Details  of  experimental  procedures  will  be  given  in  the  separate 
sections.  Mature  anestrous  ewes  of  the  following  breeds  were  the  sub¬ 
jects  of  experimentation:  Southdown,  Shropshire,  Romney  Marsh, 
Suffolk  and  Hampshire.  In  addition,  for  one  group  of  experiments, 
10-month-old  Corriedale-Rambouillet  crossbred  lambs  were  used.  The 
sexual  season  of  the  first  four  breeds  usually  begins  in  September  or 
October  under  our  conditions  with  an  occasional  animal  showing  es¬ 
trus  any  time  after  the  first  of  August.  Some  Hampshire  ewes  may 
come  into  estrus  during  the  latter  part  of  June,  but  most  have  their 
first  estrus  during  the  latter  part  of  July  or  the  first  part  of  August. 
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The  studies  reported  herein  extended  over  an  11-year  period  and  in¬ 
volved  over  300  ewes. 

Pregnant  mare  serum,  filtered  and  treated  with  merthiolate,  was 
the  form  of  equine  gonadotropin  (PMS)  employed.  Estradiol  ben¬ 
zoate  w'as  the  estrogen  used.  The  androgen  was  testosterone  propi¬ 
onate.  All  of  the  gonadal  hormones  were  suspended  in  sesame  or  corn 
oil  for  subcutaneous  injection.^ 

Effect  of  a  single  injection  of  PMS:  Our  earlier  studies  indicated 
that  ovulation  without  heat  resulted  when  anestrous  ewes  were  given 
a  single  injection  of  PMS.  Some  (BoiCenko,  1936;  O’Neal,  1938)  have 
indicated  that  a  large  proportion  of  ewes  would  respond  to  a  single 
injection  but  apparently  both  workers  were  using  ewes  which  evi¬ 
denced  some  spontaneous  sexual  activity  at  the  time  the  injections 
were  made. 

In  extending  our  observations  on  this  point,  8  of  118  ewes,  given  a 


Table  I.  Effect  of  one,  two  and  three  injections  of  125  to  750  i.u.  of  gonad¬ 
otropin  ON  THE  INDUCTION  OF  ESTRUS  IN  ANESTROUS  EWES.  WhEN  MORE  THAN  ONE 
INJECTION  WAS  GIVEN  THE  INJECTIONS  WERE  SPACED  AT  15  TO  17  DAY  INTERVALS 


Treatment 

No.  of 
animals 
treated 

No.  coming 
into 
estrus' 

No.  of 
ewes 
bred 

No.  of 
ewes  which 
conceived 

Single  injection 

118* 

8 

8 

none 

Two  injections 

170 

58 

53 

17 

Three  injections 

43 

6 

6 

2 

*  Only  those  ewes  which  came  into  estrus  10  days  after  injection  are  considered. 
If  a  ewe  came  into  heat  after  first  injection  she  was  not  given  a  second  injection.  Like¬ 
wise  ewes  coming  into  estrus  after  second  injection  were  not  given  a  third.  Therefore 
ewes  receiving  three  injections  were  the  most  refractory. 

*  Many  more  ewes  were  given  two  injections  but  were  not  observed  daily  until  after 
the  second  injection. 


.single  injection  and  observed  daily,  demonstrated  sexual  receptivity 
within  a  10-day  period  (Table  I).  All  of  these  ewes  were  bred  and  none 
became  pregnant.  Seven  of  the  8  ewes  exhibiting  estrus  received  600 
to  750  I.u.  PMS.  This  dose  is  several  times  larger  than  the  smallest 
effective  dose  (about  100  i.u.).  At  the  higher  dosage  level,  one  usually 
finds  upon  autopsy  either  superovulation  or  the  development  of  many 
follicles  without  rupture. 

These  results  indicate  that,  although  sexual  receptivity  along  with 
ovulation  may  occasionally  be  induced  by  a  single  injection,  a  full 
physiological  response  is  still  not  obtained  as  evidenced  by  the  lack 
of  pregnancy  following  mating.  Some  of  our  data  indicate  that  estrus 
may  be  induced  later  than  10  days  after  the  injection.  In  1934,  for 
example,  15  pure  bred  Shropshire  ewes  were  given  a  single  injection 
of  200  I.u.  PMS  on  July  31.  Nine  of  these  ewes  came  into  estrus  be- 

*  We  are  indebted  to  Dr.  Erwin  Schwenk  of  Schering  Corporation  for  making 
available  the  estrogen,  progesterone  and  androgen. 
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tween  August  18  and  28;  six  of  the  nine  lambed  to  mating  at  this 
time.  There  were  no  controls  for  this  group  but  information  was 
available  on  breeding  in  previous  years.  In  1928,  for  instance,  10  of 
29  untreated  Shropshire  ewes  came  into  estrus  and  were  bred  on  or 
before  August  28.  Sev’en,  of  these  10  ewes,  lambed  to  this  mating. 
Thus  the  significance  of  the  results  in  1934  are  obscured  by  the  fact 
that  some  ewes  will  breed  normally  at  the  time  of  year  under  discus¬ 
sion. 

To  obtain  more  data  on  the  normalcy  of  the  response  following  a 
single  injection,  18  Southdown  and  Shropshire  ewes  (not  included  in 
Table  I)  were  injected  with  300  i.u.  PMS  on  June  30,  1941  and  force 
bred  72  to  96  hours  later.  Though  ewes  are  seldom  in  full  estrus,  as 
manifested  by  their  willingness  to  mate,  after  a  single  injection,  they 
will  allow  mating  with  less  restraint  than  untreated  ewes.  None  con¬ 
ceived  to  this  forced  mating.  Zavadovskii,  et  al.  (1939)  reported  0  to 
55  per  cent  lambings  following  injection  of  chorionic  gonadotropin 
and  subsequent  force  breeding.  From  the  English  summary  available 
it  is  difficult  to  determine  if  anestrous  ewes  were  employed. 

O’Neal  (1938)  reports  a  field  experiment  in  which  a  single  injection 
was  more  effective  than  two  injections  of  PMS.  The  ewes  were  in¬ 
jected  May  9th.  If  they  had  conceived  during  a  directly  induced 
estrus  from  this  injection,  lambing  would  have  occurred  during  the 
first  part  of  October.  Actually  only  5  per  cent  of  430  ewes  had  lambed 
by  November  1.  By  November  12,  47  per  cent  had  lambed  as  com¬ 
pared  to  10  per  cent  of  296  uninjected  controls.  Thus  it  appears  that, 
although  estrus  was  not  induced  within  a  few  days  following  the  in¬ 
jection,  the  sexual  season  in  many  ewes  was  advanced  by  the  treat¬ 
ment.  This  result  is  somewhat  similar  to  our  finding  in  1934  as  cited 
above  and  probably  to  that  of  BoiCenko  (1936). 

The  evidence  at  hand  indicates  that  rarely  is  a  normal  estrus  pro¬ 
duced  within  a  week  following  a  single  injection  of  PMS.  On  the  other 
hand,  there  is  evidence,  though  not  convincing,  that  a  single  injection 
may  hasten  the  onset  of  the  sexual  season. 

Multiple  injections  of  PMS:  The  effect  of  giving  2  or  3  injections 
spaced  at  17-day  intervals  is  shown  in  Table  I.  Fifty-eight,  or  34  per 
cent,  of  170  ewes  given  2  injections  came  into  estrus  within  a  10-day 
period  after  injection  while  only  6,  or  12  per  cent,  of  49  ewes  given  3 
injections  mated.  Only  those  ewes,  which  failed  to  come  into  estrus 
after  the  second  injection,  were  given  the  third  and  thus  they  repre¬ 
sent  the  more  refractory  animals.  Seventeen  of  53  ew'es  bred  after  2 
injections,  and  2  of  6  bred  after  3  injections,  became  pregnant.  The 
evidence  clearly  indicates  that  larger  doses  (600  to  750  i.u.)  were 
more  effective  in  inducing  estrus  but  the  percentage  of  fertile  matings 
following  such  large  dosages  was  usually  lower  than  when  smaller 
doses  were  giv'en.  In  1937,  for  example,  8  Shropshire  ewes  were  given 
750  I.u.  PMS  on  July  9  and  again  on  July  26.  Seven  of  the  8  ewes 
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came  into  estrus  within  48  houfs  after  the  second  injection  but  none 
became  pregnant  though  mated  to  a  known  fertile  ram.  Evidence  that 
this  dosage  is  within  the  superovulation  range  is  obtained  from  an¬ 
other  group  of  Hampshire  ewes  treated  with  600  i.u.  per  dose  in  1939. 
Following  a  single  injection,  some  ewes  were  sacrificed  and  as  many 
as  9  freshly  ruptured  follicles  per  ewe  were  found.  Some  had  only  ripe 
unruptured  follicles.  Others  of  this  same  group  were  mated  after  a 
second  injection  and,  surprisingly,  8  of  16  became  pregnant.  Three  of 
the  8  had  triplets,  3  had  twins  and  2  had  singles.  These  findings  at  the 
superovulation  level  are  comparable  to  results  obtained  with  imma¬ 
ture  rats  treated  with  superovulation  levels  of  PMS. 

Although  on  the  average  only  32  per  cent  of  ewes  receiving  two  in¬ 
jections  came  into  estrus  after  the  second  injection,  some  experiments 
were  more  successful.  For  example,  in  1944,  26  Southdowns  were 
given  400  i.u.  PMS  on  July  27  and  320  i.u.  on  August  13.  Nineteen 
of  the  26  came  in  estrus  within  10  days  after  the  second  injection, 
were  bred  and  13  became  pregnant.  It  should  be  pointed  out,  how¬ 
ever,  that  on  the  date  of  the  second  injection  an  occasional  South- 
down  will  breed  normally. 

PMS  with  estrogen  and  I  or  progesterone:  Let  us  first  consider  the 
combined  treatment  with  PMS  and  estrogen.  Our  earlier  experiments 
(Cole  and  ^liller,  1935)  on  estrogen  and  PMS  were  not  successful  in 
producing  a  normal  estrus.  WTien  the  dose  of  estrogen  was  too  low 
(100  to  400  R.U.),  heat  was  not  regularly  induced  w'hereas  if  the  estro¬ 
gen  level  was  too  high  ovulation  was  inhibited. 

It  occurred  to  us  that  the  animal  might  be  conditioned  with  estro¬ 
gen  sufficiently  long  before  the  injection  of  PMS  to  avoid  the  in¬ 
hibitory  effect  on  ovulation.  Consequently,  in  June  1942,  6  Hampshire 
ewes  received  100  r.u.  of  estrogen  daily  for  15  days  and  then  PMS  6 
days  after  the  last  injection  of  estrogen.  Four  other  ewes  received 
identical  treatment  except  that  the  dose  of  estrogen  was  400  r.u. 
daily.  Six  of  the  10  ewes  came  into  estrus  during  the  estrogen  treat¬ 
ment  but  only  one  after  the  injection  of  PMS  when  ovulation  is  ex¬ 
pected.  Five  of  these  ewes  were  force  bred  72  hours  after  the  injection 
of  PMS  but  none  became  pregnant.  The  five  remaining  ewes  were 
sacrificed  and  only  one  had  ovulated.  Two  ewes  receiving  400  r.u.  es¬ 
trogen  daily  had  no  evidence  of  ovarian  activity  whereas  1  of  3  re¬ 
ceiving  100  R.u.  had  ovulated  and  the  other  two  had  ripe  follicles. 

In  addition  to  untreated  controls  for  the  above  group,  there  were 
4  ewes  which  received  estrogen  alone  for  the  same  time  interval;  2  at 
the  100  R.u.  and  2  at  the  400  r.u.  level  with  autopsy  12  days  after  the 
last  injection.  All  had  quiescent  ovaries.  Thus  ovarian  activity  was 
not  stimulated  by  the  injection  of  estrogfen  as  has  been  done  in  the 
rat  (Hohlweg,  1934;  Pencharz,  1940).  Five  untreated  controls  were 
sacrificed  at  the  same  time.  One  ew'e  had  a  corpus  luteum  in  one  ovary 
but  none  had  showm  evidence  of  estrus  during  the  experimental  period. 
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In  another  experiment,  4  Corriedale-Merino  crossbred  10-month- 
old  ewe  lambs  were  injected  with  360  i.u.  PMS  on  March  16,  1943  and 
300  I.u.  on  April  2.  Between  these  two  injections,  they  received  400 
R.u.  estrogen  daily  from  March  19  to  28  inclusive.  None  of  these  ewes 
showed  estrus  at  any  time  during  the  experimental  period  even 
though  estrous  smears  were  maintained  over  the  injection  interval. 
At  autopsy  on  April  9,  all  showed  quiescent  ovaries.  Four  other  ewes 
received  the  same  dosage  of  PMS  alone  on  the  same  dates.  Three  of 
the  4  show'ed  sexual  receptivity  within  96  hours  after  the  second  in¬ 
jection  of  PMS  and  all  had  corpora  at  autop.sy  on  April  9.  Of  4  un¬ 
treated  controls,  none  came  into  estrus  but  2  had  corpora  lutea  in 
their  ovaries  at  autop.sy  on  April  9.  Clearly  the  injection  of  estrogen 
inhibited  ov^arian  function  under  the  conditions  of  this  experiment. 
Hammond,  Hammond  and  Parkes  (1942)  reported  the  induction  of 
ovulation  in  anestrous  ewes  treated  wdth  0.5  or  1  mg.  of  estradiol 
benzoate  or  stilboestrol  dipropionate — a  result  difficult  to  interpret 
in  the  light  of  our  findings. 

It  is  well  known  that  small  doses  of  estrogen  produce  ovarian  in¬ 
hibition  in  the  rat;  large  doses  stimulation  (Selye  and  Friedman, 
1940).  These  authors  explain  this  difference  in  effect  by  as.suming  that 
small  doses  cause  inhibition  of  the  ovary  through  the  pituitary  while 
large  doses  produce  direct  stimulation  of  the  ovary.  Although  Fevold, 
Hisaw  and  Creep  (1936)  submitted  evidence  that  estrogen  stimulated 
the  ovary  through  the  pituitary,  Pencharz  (1940)  showed  conclu¬ 
sively  by  using  hypophysectomized  rats  that  the  ovaries  could  be 
stimulated  by  estrogens  directly.  Before  beginning  this  series  of  ex¬ 
periments  with  ewes,  further  studies  on  this  reciprocal  response  were 
made  in  the  rat  (Cole,  unpublished).  One-fourth  r.u.  of  estrogen  in¬ 
jected  daily  for  10  days  into  immature  female  rats  produced  ovarian 
inhibition,  whereas  1  r.u.  daily  produced  corpora  lutea  and  increased 
ovarian  weights.  At  the  higher  level  only,  estrus  smears  w'ere  main¬ 
tained  over  the  injection  period.  Using  this  vaginal  smear  response  as 
an  index,  one  would  have  expected  ovarian  stimulation  in  the  ewe, 
particularly  at  the  400  r.u.  level,  for  smears  characteristic  of  estrus 
were  maintained  over  the  injection  period. 

Next,  the  effect  of  PMS  and  progesterone  will  be  considered.  Early 
work  on  the  corpus  luteum  indicated  it  secreted  a  substance  inhibiting 
estrus.  Zschokke  (1898)  showed,  for  example,  that  the  removal  of  a 
retained  corpus  luteum  in  the  cow  resulted  in  estrus  within  a  few  days 
and  this  finding  was  substantiated  by  Hess  (1921)  and  Hammond 
(1927)  as  well  as  by  wdde  clinical  experience.  The  suppression  of  estrus 
during  lactation  in  certain  forms  such  as  the  rat  and  sow  has  been 
attributed,  likewi.se,  to  the  activity  of  corpora  lutea.  The  corpus 
luteum  hormone,  progesterone,  has  been  showm  to  inhibit  estrus  in 
the  rat  (Phillips,  1937)  but  relatively  large  amounts  were  necessary. 

Recently,  Dempsey  and  associates  (1936)  have  shown  that  pro- 
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gesterone  acts  synergist ically  with  estrogen  to  produce  estrus;  a  re¬ 
sponse  diametrically  opposed  to  the  earlier  views  on  the  relation 
between  the  corpus  luteum  and  estrus.  Conceivably,  the  suppressing 
action  of  the  corpus  luteum  on  estrus  may  be  due  to  a  hormone  other 
than  progesterone. 

In  studying  the  ovaries  of  ewes  receiving  PMS,  it  was  observed 
in  many  instances  that  the  corpus  luteum  formed  after  the  initial 
injection  did  not  develop  to  normal  size.  In  the  light  of  Dempsey’s, 
et  al.,  finding  in  the  guinea  pig,  it  occurred  to  us  that  the  failure  of 
PMS  to  produce  estrus  after  the  second  injection  might  be  due  to 
inadequacy  of  progesterone  secretion  by  the  corpus  luteum  formed  as 
a  result  of  the  first  injection.  Consequently,  the  effect  of  supplement¬ 
ing  PM»S  with  progesterone  has  been  studied. 

Eleven  Hampshire  ewes  received  simultaneous  injections  of  PMS 
and  progesterone  (at  different  sites)  during  the  last  part  of  May  or  the 
first  part  of  June  1939.  The  dose  of  PMS  ranged  from  250  to  600  i.u. 
and  the  progesterone  from  10  to  30  mg.  This  variation  in  dose  was 
given  with  the  view  of  finding  optimal  amounts.  Three  ewes  came 
into  estrus  within  72  hours  after  the  injection  but  2  of  9  which  re¬ 
ceived  PMS  alone  likewise  showed  sexual  receptivity  so  this  initial 
experiment  did  not  indicate  that  progesterone  had  a  demonstrable 
effect. 

Eleven  other  ewes  received  comparable  amounts  of  progesterone 
and  PMS  (except  for  one  ewe  receiving  60  mg.)  but  the  hormone  was 
given  either  one  or  two  days  after  the  PMS.  The  object  of  this  delay 
in  the  administration  of  progesterone  was  to  allow  time  for  the  priming 
action  of  estrogen  to  occur;  the  estrogen  to  be  formed  as  the  result  of 
the  PMS  injection.  Two  of  this  group  came  into  estrus — again  a  re¬ 
sponse  comparable  to  ewes  receiving  PMS  alone. 

Nine  ewes  received  second  injections  of  both  hormones  17  days 
after  the  initial  injections.  Five  of  the  9  came  into  estrus  within  96 
hours  after  the  second  injection.  Only  one  of  six  ewes  receiving  2  in¬ 
jections  of  PMS  alone  came  into  heat.  There  is  an  indication  in  this 
instance  that  PMS  supplemented  with  progesterone  is  slightly  more 
effective  than  PMS  alone.^ 

The  remaining  tests  in  which  PMS  was  supplemented  with  pro¬ 
gesterone  can  best  be  discussed  in  connection  with  experiments  in 
which  PMS,  progesterone  and  estrogen  w  ere  administered  because  the 

*  In  another  experiment  it  was  attempted  to  increase  the  secretory  activity  of  the 
corpus  luteum  formed  after  the  initial  injection  by  injecting  lactogenic  hormone.  One 
group  of  5  ewe  lambs  were  given  360  i.u.  PMS  on  March  16  and  300  i.tr.  PMS  on 
April  2,  1943.  Between  these  dates  50  mg.  of  lactogenic  hormone  were  given  daily 
from  March  19  to  25,  inclusive.  A  control  group  of  4  ewe  lambs  were  given  PMS  alone 
in  same  unitage  and  on  identical  dates.  One  of  the  5  ewes  receiving  lactogenic  hormone 
came  into  estrus  following  the  second  PMS  injection.  At  autopsy  on  April  9,  four  had 
fresh  corpora  and  one  a  large  follicle.  Three  of  the  4  controls  came  into  estrus  after  the 
second  PMS  injection  and  at  autopsy  all  showed  fresh  corpora  lutca.  The  one  not  in 
heat  showed  a  large  follicle. 
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PMS  and  progesterone  groups  served  as  one  type  of  control  for  the 
groups  receiving  the  three  hormones. 

Neither  estrogen  nor  progesterone  was  effective  in  supplementing 
the  effect  of  PMS  (except  when  two  injections  of  both  PMS  and 
progesterone  were  given).  The  effect  of  supplementing  PMS  with  both 
of  these  hormones,  therefore,  was  studied. 

For  the  first  experiment  Corriedale-Rambouillet  ewe  lambs  about 
10  months  of  age  were  used.  Vaginal  smears  were  taken  daily  from 
the  time  of  the  first  injection  to  autopsy.  They  were  likewise  tested 


Table  II.  The  effect  of  supplementing  pms  with  estrogen  and  pro¬ 
gesterone  ON  THE  INDUCTION  OF  ESTRUS  IN  EWES 


Group 

Treatment 

No.  of 
ewes  in 
group 

No.  of 
ewes  in 
estrus 

No.  of 
ewes 
ovulating 

1 

Untreated  controls 

5 

none 

2 

2 

360  i.u.  P.MS  on  3/16  and  300  i.u.  on  4/2 

4 

3 

3 

3 

PMS — same  as  Group  2.  30  mg.  progester¬ 
one  and  400  R.u.  estrogen  daily  from  3/19 
to  3/28,  inclusive. 

4 

none 

1 

4 

PMS — same  as  Group  2.  60  mg.  progester¬ 
one  and  100  R.u.  estrogen  daily  from  3/19 
to  3/28,  inclusive. 

4 

3 

4 

5 

PMS — same  as  Group  2.  400  r.u.  estrogen 
daily  3/19  to  3/28,  inclusive. 

4 

none 

none 

dady  for  estrus  with  a  ram  wearing  an  apron  to  prevent  mating.  Al¬ 
though  none  of  the  untreated  control  ewes  were  in  estrus  during  the 
experimental  period,  two  of  them  had  corpora  lutea  in  their  ovaries 
at  autopsy.  This  indicates  that  they  were  approaching  the  sexual 
season,  as  Grant  (1933)  and  Cole  and  Miller  (1935)  observed  that 
ovulation  without  estrus  is  a  sign  of  an  impending  sexual  season.  The 
vaginal  smear  observations  further  confirmed  this.  The  details  on  the 
injection  of  the  hormones  and  the  results  are  shown  in  Table  II.  The 
fact  that  3  of  4  ewes  receiving  two  injections  of  PMS  alone  came  into 
estrus  makes  it  difficult  to  determine  the  effectiveness  of  progesterone. 
The  most  conspicuous  result  of  this  test  was  that  400  r.u.  of  estrogen 
daily  (both  when  progesterone  was  given  and  when  it  was  not)  in¬ 
hibited  ovulation  and  estrus  (Groups  3  and  5).  Progesterone  had  no 
observable  effect  on  either  ovulation  or  estrus. 

To  test  further  the  role  which  estrogen  and  progesterone  play  in 
controlling  the  cycle,  progesterone  was  given  in  one  large  dose.  De¬ 
tails  of  the  experimental  procedure  are  given  in  Table  III.  Shropshire, 
Suffolk  and  Southdow  n  ewes  were  evenly  divided  among  the  5  groups. 
In  this  experiment,  again,  3  of  7  ewes  came  into  estrus  when  given 
two  injections  of  PMS  alone  (Group  2);  about  the  same  number 
responded  when  progesterone  was  given  with  PMS  (Groups  3  and  4). 
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When  5000  r.u.  of  estrogen  were  given  16  days  and  300  mg.  progester¬ 
one  13  days  before  the  initial  PMS  injection,  6  of  8  ewes  came  into 
heat  (Group  5).  Since  none  of  the  ewes  in  this  group  came  into  estrus 
after  the  first  injection  of  PMS,  one  cannot  conclude  that  estrogen 
and  progesterone  substituted  for  an  initial  injection  of  PMS.  It  does 
appear,  however,  that  the  effect  of  PMS  was  enhanced  by  the  prior 
injection  of  these  hormones.  The  fact  that  only  1  of  6  ewes  bred  in 
this  group  became  pregnant  is  worthy  of  note.  This  experiment,  like 
the  preceding  one,  provides  little  evidence  regarding  the  synergistic 


Table  III.  Effect  of  supplemented  equine  gonadotropin  (pms)  with 

PROGESTERONE  OR  PROGESTERONE  AND  ESTROGEN 


Group 

Treatment 

No.  of 
ewes 
in  group 

No.  of 
ewes 
in  heat 

No.  of 
ewes 
lambing' 

1 

None 

7 

None 

— 

2 

PMS— 450  i.u.  on  7/15  and  8/2 

7 

3 

3 

3 

PMS — same  as  Group  2.  Progesterone — 300 
mg.  on  7/2 

7 

2 

1 

4 

PMS — same  as  Group  2.  Progesterone— 300 
mg.  on  7/15 

10 

5 

4 

5 

PMS — same  as  Group  2.  Progesterone — 
same  as  Group  3 

Estrogen — 5000  R.u.  on  6/29 

8 

6 

1 

‘  Refers  only  to  those  ewes  lambing  to  mating  during  induced  estrus. 


action  of  estrogen  and  progesterone  in  producing  sexual  receptivity 
in  the  ewe. 

Androgen  and  PMS:  Salmon  and  Geist  (1943)  reported  that  tes¬ 
tosterone  increased  sexual  libido  in  the  human  female.  Since  PMS 
alone  induces  ovulation  in  the  anestrous  ewe  it  was  thought  the  com¬ 
bined  injection  of  PMS  and  androgen  might  induce  both  ovulation 
and  estrus.  The  results  of  several  experiments  are  shown  in  Table  IV. 
When  100  mg.  of  testosterone  propionate  were  administered  three 
days  before  PMS,  6  of  8  ewes  came  into  heat  as  compared  to  1  of  16 
when  PMS  alone  was  given  (Group  2).  Obviously,  therefore,  androgen 
is  effective  in  inducing  sexual  responsiveness  in  the  ewe.  Four  ewes 
receiving  both  hormones  were  sacrificed  on  July  24.  Three  of  the  4 
had  corpora  in  their  ovaries  almost  certainly  from  the  last  injection 
of  PMS  indicating  that  androgen  had  not  inhibited  ovulation  as  was 
earlier  found  (Cole  and  Miller,  1935)  to  be  the  case  when  estrogen  was 
combined  with  PMS.  Two  ewes  of  Group  2  were  bred  but  did  not  be¬ 
come  pregnant  and  thus  it  may  be  that  the  reproductive  organs  were 
not  in  a  condition  comparable  to  complete  physiological  estrus  even 
though  both  ovulation  and  estrus  were  induced.  Too  few  ew'es  were 
sacrificed,  however,  to  make  certain  that  androgen,  in  the  doses  used, 
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had  no  influence  on  ovulation.  Boling  and  Hamilton  (1939)  showed 
that  ovulation  was  inhibited  in  the  female  guinea  pig  receiving  4  mg. 
testosterone  propionate  daily  for  6  to  18  days  but  this  is  a  compara¬ 
tively  large  dose. 

Groups  4  and  5  received  androgen  in  the  interval  between  two 
PMS  injections.  In  both  groups,  5  of  6  animals  came  into  estrus  but 
only  1  of  6  animals  mated  became  pregnant.  Four  of  10  animals  in 
Group  3  (PMS  control  group  for  Groups  4  and  5)  came  into  estrus 

Table  IV.  Effect  of  supplementing  pms  with  testosterone  propionate 


Group 

T  reatmcnt 

No.  of 
ewes  in 
group 

No.  of 
ewes  in 
heat 

No. 

ewes 

bred 

No. 

ewes 

pregnant 

1 

300  i.u.  PMS  on  June  30  (control  to 
Group  2) 

16 

none 

none 

2 

PMS — same  as  Group  1.  100  mg.  tes¬ 
tosterone  on  June  27 

8 

6» 

2 

none 

3 

300  I.u.  PMS  on  June  30  and  July  17 
(control  to  Groups  4  &  5) 

10 

4» 

4 

2 

4 

PMS — Same  as  Group  3.  37.5  mg.  tes¬ 
tosterone  on  July  2  and  July  6,  75 
mg.  on  July  14 

6 

5* 

3 

none 

5 

PMS — Same  as  Group  3.  50  mg.  tes¬ 
tosterone  on  July  14 

6 

5‘ 

3 

1 

6 

400  I.u.  PMS  on  July  27  and  320  i.u. 
on  Aug.  13  (control  to  Group  7) 

27 

19* 

19 

14 

7 

PMS — Same  as  Group  6.  50  mg.  tes¬ 
tosterone  on  Aug.  13 

28 

2.3" 

23 

14 

>  This  ewe  came  into  heat  on  July  9. 

*  All  six  were  in  heat  between  July  1  and  July  3. 

’  All  four  in  heat  between  July  19  and  July  22,  inclusive. 

*  Ewe  2430  in  heat  July  19  and  20,  ewe  2614 — July  17;  ewe  2901 — July  15,  17,  18, 
19,  20  and  21 ;  ewe  2908 — July  16,  17,  18,  19,  20  and  22;  ewe  3039 — July  16,  17,  18. 

*  Ewe  2324  in  heat  July  22,  2.3  and  24;  ewe  2622 — July  15,  16;  ewe  2623 — July  9; 
ewe  2811 — July  18, 19;  ewe  3018 — July  16  and  18. 

*  These  ewes  were  not  tested  for  estrus  between  first  and  second  injections  of  PMS 
but  three  ewes  of  Group  7  became  pregnant  to  matings  during  this  period.  All  others 
in  Groups  6  &  7  which  came  into  heat  had  estrus  periods  between  Aug.  1  and  Aug.  23. 

and  2  of  the  4  became  pregnant.  Four  of  the  5  animals  in  Group  4 
coming  into  estrus,  did  so  on  or  before  the  day  of  the  second  injection 
of  PMS  as  did  3  of  the  animals  in  Group  5.  Also  of  interest  is  the  period 
of  sexual  receptivity:  ewes  2901  and  2908  were  in  estrus  on  6  of  7 
consecutive  days.  Two  other  animals  in  Groups  4  and  5  were  in  estrus 
for  3  days. 

Group  7  received  50  mg.  of  testosterone  propionate  on  the  same 
day  that  the  second  injection  of  PMS  was  made.  Twenty-three  of  28 
animals  came  into  estrus  as  compared  to  19  of  27  for  control  group  6 
receiving  PMS  alone.  There  were  14  resulting  pregnancies  in  each 
group. 
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From  this  series  of  experiments,  it  is  clear  that  androgen  has  a 
pronounced  effect  upon  sexual  responsiveness  in  the  ewe  but  the  per 
cent  of  fertile  matings  appears  to  be  less  than  when  PMS  alone  is 
administered.  Nevertheless  approximately  50  per  cent  of  the  ewes  in 
Group  7  receiving  50  mg.  of  androgen  became  pregnant. 

An  interesting  observation  of  these  experiments  was  the  fact  that 
androgen-treated  females  exhibited  homosexual  activity  and  mounted 
other  females.  Usually  they  manifested  this  behavior  trait  when  in 
estrus  but  one  animal  not  receptive  to  the  male  also  mounted  other 
females.  Although  this  is  a  normal  trait  of  cows,  pigs,  rabbits  and 
guinea  pigs  in  estrus,  it  is  rarely  or  never  observed  in  normal  ewes. 
This  behavior  characteristic  was  previously  reported  by  McKenzie 
and  Terrill  (1937)  in  four  ewes  treated  with  estrogen;  and  by  Young 
and  Rundlett  (1939)  in  guinea  pigs  injected  with  estrogen  and  pro¬ 
gesterone.  The  latter  found  it  was  more  noticeable  than  in  similar 
guinea  pigs  injected  with  estrogen  and  androgen.  As  intact  ewes  were 
employed  in  our  studies  the  animals  were  subjected  to  their  own  estro¬ 
gen  and  progesterone,  resulting  from  the  PMS  injection,  as  well  as 
androgen.  Mounting  activity  has  been  observed  in  ewes  receiving  10 
to  15  mg.  diethylstilbestrol  but  it  was  not  seen  in  ewes  receiving 
progesterone  in  the  present  experiments. 

The  doses  of  androgen  employed  were  rather  large.  One  might 
inquire  as  to  whether  smaller  doses  would  suffice.  Consequently  a 
group  of  Suffolk  ewes  were  given  400  i.u.  of  PMS  with  several  levels 
of  testosterone  propionate  injected  simultaneously  at  different  sites: 
one  of  7  ewes  receiving  10  to  20  mg. ;  2  of  3  receiving  40  mg. ;  and  1  of 
4  receiving  80  to  100  mg.,  showed  sexual  receptivity.  In  this  experi¬ 
ment  40  mg.  appeared  to  be  the  optimal  dose,  but  the  point  should  be 
tested  further. 


SUMMARY 

Over  300  ewes  were  employed  in  studies  relating  to  the  induction 
of  estrus  in  anestrous  ewes. 

Eight  of  118  ewes  receiving  a  single  injection  of  equine  gonado¬ 
tropin  (PMS)  came  into  estrus  within  a  10-day  period;  all  were  bred 
but  none  became  pregnant.  None  of  18  ewes  force  bred  after  a  single 
injection  became  pregnant.  There  is  some  indication  that  a  single  in¬ 
jection  may  hasten  the  onset  of  the  sexual  season. 

Fifty-eight  of  170  ewes  given  two  injections  of  PMS  at  17-day 
intervals  came  into  estrus  but  only  17  of  53  which  were  mated  became 
pregnant.  This  low  fertility  w’as  related  to  overdosage  in  some  in¬ 
stances. 

Superovulation  was  produced  with  600  to  750  i.u.  PMS  as  evi¬ 
denced  by  the  presence  of  as  many  as  9  recently  ruptured  follicles 
and  by  an  increased  incidence  of  triplets. 

Estrogen  in  doses  large  enough  to  induce  sexual  receptivity  given 


380 


COLE,  HART  AND  MILLER 


Volume  36 


either  alone  or  in  conjunction  with  PMS,  inhibited  ovarian  activity. 

Sixteen  of  48  ewes  receiving  PMS  supplemented  with  progesterone 
came  into  estrus  as  compared  to  6  of  22  receiving  PMS  alone.  When 
two  injections  of  both  hormones  were  made,  5  of  9  mated  as  compared 
to  1  of  6  receiving  only  PMS. 

The  combined  treatment  with  testo.sterone  propionate  and  PMS 
was  an  effective  means  of  inducing  estrus  in  the  ewe.  Estrus  was  mani¬ 
fested  by  39  of  48  ewes  receiving  androgen  and  PMS  as  compared  to 
24  of  54  receiving  only  P^IS  but  the  per  cent  of  fertile  matings  was 
apparently  reduced  by  androgen.  Of  interest  was  the  unusual  tendency 
of  ewes  in  estrus  following  treatment  with  androgen  to  manifest 
homosexual  behavior. 

Although  estrus  was  induced  by  several  methods  in  a  high  per¬ 
centage  of  animals,  a  complete  physiological  response  was  not  pro¬ 
duced  regularly..  The  conclusion  is  reached  that,  either  a  proper  bal¬ 
ance  of  hormones  was  not  attained,  or  unknown  factors  are  involved. 
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Adrenalectomy  is  known  to  decrease  the  ability  of  animals  to 
withstand  the  effects  of  reduced  barometric  pressure  (Evans,  1936; 
Thorn,  Jones,  Lewis,  Mitchell  and  Koepf,  1942),  and  treatment  with 
adequate  quantities  of  adrenal  cortical  extract  has  been  demonstrated 
to  be  effective  in  restoring  the  “altitude”  tolerance  of  adrenalecto- 
mized  animals  to  normal  (Thorn,  Jones,  Lewis,  Alitchell  and  Koepf, 
1942).  Although  daily  repeated  short  exposures  to  reduced  barometric 
pressure  have  been  shown  to  induce  hypertrophy  of  the  adrenal 
(Thorn,  Jones,  Lewis,  Mitchell  and  Koepf,  1942;  Armstrong  and 
Heim,  1938),  to  date  no  evidence  has  been  presented  which  would 
indicate  that  the  “altitude”  tolerance  of  normal  animals  can  be  im¬ 
proved  by  supplementary  adrenal  cortical  hormone  therapy.  Earlier 
experiments  (Dorrance,  Thorn,  Tyler  and  Katzin,  1942)  revealed 
that  treatment  of  normal  animals  with  synthetic  desoxycorticosterone 
acetate  in  oil  and  aqueous  adrenal  cortical  extract  (beef)  did  not  im¬ 
prove  the  work  performance  of  normal  animals  under  conditions  of 
reduced  oxygen  partial  pressure.  Later  observations,  however,  sug¬ 
gested  that  the  inefficacy  of  the  aqueous  adrenal  cortical  extract  in 
these  experiments  might  have  been  related  to  the  very  transient 
period  of  hormone  action  which  follows  the  injection  of  the  aqueous 
preparation  of  hormone.  With  this  point  in  mind  the  present  studies 
were  undertaken  using  a  concentrated  extract  of  adrenal  cortex  (beef) 
prepared  in  sesame  oil. 
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METHODS 

Young  male  white  rats  of  approximately  200  gm.  average  w'eight  were 
employed  in  these  studies.  The  rats  were  maintained  on  a  standard  diet  of 
Purina  dog  chow.  Access  to  food  and  water  w’as  unrestricted  at  all  times  ex¬ 
cept  during  the  fasting  period  immediately  prior  to  the  acute  “altitude” 
tolerance  test. 

The  first  group  of  experiments  was  conducted  in  the  Industrial  Hygiene 
Division,  National  Institute  of  Health,  Bethesda,  Maryland,  in  the  spring 
of  1942.^  A  small  decompression  chamber  with  a  350-liter  capacity  was 
used,  and  the  simulated  altitude  was  maintained  by  balancing  the  rate  of 
inflow  of  air  against  a  constant  evacuating  pressure.  At  30,000  feet  simu¬ 
lated  altitude  the  rate  of  ventilation  was  38.5  liters  per  minute.  In  these  ex¬ 
periments  rats  from  the  Albino  Supply  Company  were  exposed  to  reduced 
barometric  pressure  equivalent  to  an  altitude  of  27,000  and  29,000  feet  for  a 
period  of  four  hours.  This  period  included  ten  minutes  decompression  (as¬ 
cent)  and  ten  minutes  recompression  (descent).  The  temperature  within 
the  chamber  was  maintained  at  26.5°  C±1.5°.  The  humidity  was  not  con¬ 
trolled.  The  carbon  dioxide  content  of  the  air  in  the  chamber  was  less  than 
0.3  per  cent.  In  these  experiments  0.5  ml.  of  adrenal  cortical  extract  was 
given  twelve  hours  and  tw'o  hours  prior  to  exposure.  Each  milliliter  of  con¬ 
centrated  extract  in  sesame  oil  represented  a  total  of  10  ml.  of  Kendall’s 
aqueous  adrenal  cortical  extract  or  750  gm.  of  fresh  adrenal  cortical  tissue.’ 
The  transfer  from  water  to  oil  involved  ethyl  acetate  and  acetone  as  inter¬ 
mediate  solvents. 

The  second  group  of  experiments  w'as  carried  out  in  Boston  in  the  fall  of 
1942  using  a  large  decompression  chamber  in  the  Harvard  School  of  Public 
Health.^  In  these  experiments  Sprague-Dawley  rats  were  exposed  to  reduced 
barometric  pressure  equivalent  to  an  altitude  of  32,000  and  34,000  feet  for  a 
period  of  two  hours.  The  temperature  in  the  chamber  ranged  from  18°  to 
20°  C.  The  rate  of  ascent  and  descent  was  3(X)0  feet  per  minute.  The  rate  of 
flow  was  in  excess  of  230  cubic  feet  per  minute.  The  carbon  dioxide  content 
of  the  air  in  the  chamber  was  less  than  0.5  per  cent.  In  these  experiments  0.5 
ml.  of  adrenal  cortical  extract  in  sesame  oil  (Kendall)  was  given  ten  hours 
and  two  hours  prior  to  exposure.  The  total  dose  of  extract  was  1  ml.,  equiv¬ 
alent  to  750  gm.  of  fresh  adrenal  cortical  tissue.  A  single  dose  of  5  mg. 
(1  cc.)  of  Percorten  (desoxycorticosterone  acetate  in  oil)  was  given  six  to 
eight  hours  prior  to  exposure. 

In  both  experiments  a  control  untreated  group  of  animals  was  main¬ 
tained  for  each  treated  group.  The  control  animals  were  the  same  age  and 
sex  as  the  corresponding  treated  animals  and  were  maintained  in  an  identical 
manner  except  for  the  actual  exposures  and  injection.  The  organs  of  these 
animals  provided  controls  for  the  pathological  studies. 


*  The  authors  wish  to  acknowledge  the  cooperation  of  Dr.  Benjamin  F.  Jones  in 
these  experiments. 

’  The  authors  are  indebted  to  Dr.  E.  C.  Kendall  of  the  Mayo  Clinic  for  the  adrenal 
cortical  extract  used  in  these  studies. 

*  The  use  of  this  chamber  was  made  possible  through  the  cooperation  of  Dr.  Cecil  K. 
Drinker. 
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ACUTE  “altitude”  TOLERANCE  TEST 

In  the  initial  experiments  in  Baltimore  the  acute  “altitude”  tolerance 
test  consisted  of  a  determination  of  the  survival  rate  of  groups  of  animals 
exposed  for  four  hours  to  an  “altitude”  which  induced  death  in  approxi¬ 
mately  50  per  cent  of  the  control  untreated  group.  In  the  later  experiments 
in  Boston  a  single  two-hour  exposure  was  adopted,  and  an  “altitude”  suffi¬ 
cient  to  induce  death  in  at  least  90  per  cent  of  the  control  untreated  group 
was  employed.  This  latter  technique  was  adopted  as  the  test  of  choice  since 
standardization  under  these  conditions  was  much  simpler.  All  acute  “alti¬ 
tude”  tolerance  tests  were  carried  out  under  fasting  conditions. 

In  all  of  the  experiments  control  groups  of  animals  were  exposed  simul¬ 
taneously  with  the  treated  group  in  order  to  allow  a  direct  comparison  of 
survival  rate.  It  was  found  that  exposure  to  pressures  equivalent  to  altitudes 
of  32,000,  34,000  and  36,000  feet  for  two  hours  gave  the  most  satisfactory 
results.  Small  groups  of  control  animals  were  exposed  to  several  “altitudes” 
on  the  day  a  series  of  acute  “altitude”  tolerance  tests  was  to  be  made.  By 
this  means  the  critical  “altitudes”  for  the  particular  group  of  animals  to  be 
tested  on  that  day  could  be  established  with  certaint 

The  survival  rate  reported  in  these  experiments  represented  all  of  the 
animals  still  alive  at  the  conclusion  of  the  exposure,  since  all  but  three  sur¬ 
viving  rats  among  three  hundred  exposed  appeared  quite  normal  soon  after 
return  to  barometric  pressure  and  since  no  delayed  deaths  were  noted. 

OBSERVATIONS 

Group  I.  Four-Hour  Exposures  (Baltimore) 

A  summary  of  the  results  of  the  acute  “altitude”  tolerance  tests 
carried  out  at  27,000  and  29,000  feet  “altitude”  follows: 


Number  of 

A  nimals 

Treatment 

Survival 

Rate 

27, 000 feet  (four  hours) 

30 

Control  animals;  sesame  oil  injections 

43% 

30 

Desoxycorticosterone  acetate  in  oil* 

53% 

30 

Kendall’s  adrenal  cortical  extract  in  oil 

87% 

29,000 feet  (four  hours) 

20 

Control  animals;  sesame  oil  injections 

40% 

20 

Desoxycorticosterone  acetate  in  oil 

40% 

19 

Kendall’s  adrenal  cortical  extract  in  oil 

78% 

*  The  authors  are  indebted  to  Dr.  E.  Oppenheimer  of  the  Ciba  Pharmaceutical 
Products,  Inc.,  for  the  desoxycorticosterone  acetate  in  oil  used  in  these  studies. 


Group  II.  Two-Hour  Exposures  (Boston) 

A  summary  of  the  results  of  the  acute  “altitude”  tolerance  tests 
carried  out  at  32,000  and  34,000  feet  “altitude”  follows; 


Number  of 
A  nimals 

13 


Treatment 

32,000 feet  {two  hours) 
Control  animals;  sesame  oil  injections 


Survival 

Rate 

8% 
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V umber  of 

A  nimals 

Treatment 

Survival 

Rate 

13 

Kendall’s  adrenal  cortical  extract  in  oil 

85% 

10 

34,000 feet  (two  hours) 

Control  animals;  sesame  oil  injections 

2% 

10 

Desoxycorticosterone  acetate  in  oil 

0% 

10 

17-hydroxycorticosterone  in  oil  (Com¬ 
pound  E)* 

0% 

10 

Kendall’s  adrenal  cortical  extract  in  oil 

39% 

*  The  authors  are  indebted  to  Dr.  E.  G.  Upjohn  of  the  L^pjohn  Company  for  the 
crystalline  17-hydroxycorticosterone  used  in  these  studies. 

A  comparison  of  the  survival  rates  in  the  several  experiments  is 
presented  in  Chart  1 . 

In  an  attempt  to  test  a  possible  mechanism  by  which  the  adrenal 
cortical  hormone  therapy  might  have  improved  ‘‘altitude”  tolerance, 
several  animals  were  treated  with  sodium  succinate  and  then  given 
the  acute  “altitude”  tolerance  test.  These  experiments  were  per¬ 
formed  at  the  suggestion  of  Dr.  Samuel  Proger  of  the  Joseph  H.  Pratt 
Diagnostic  Hospital  and  the  Tufts  Medical  School  (Proger,  1943). 

Subcutaneous  injection  of  2  ml.  of  a  15  per  cent  solution  of  sodium 
succinate  two  hours  prior  to  the  “altitude”  tolerance  test  resulted  in  a 


EFFECT  OF  ADRENAL  CORTICAL  HORMONE  THERAPY 
ON  ALTITUDE  TOLERANCE  OF  NORMAL  RATS 


Exposure 


27,000  feet 
4  hours 


39,000  feet  52.000  feet  54.000  feet 
4  hours  2  hours  2  hours 


Chart  1.  A  single  injection  of  0.5  mg.  of  17-hydroxycorticosterone  in  oil  preceding 
“altitude”  tolerance  test,  ten  animals. 
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small  but  not  significant  increase  in  “altitude”  tolerance.  Adminis¬ 
tration  of  sodium  succinate  in  the  same  dosage  for  a  period  of  five 
days  prior  to  the  “altitude”  tolerance  test  was  followed  by  a  decrease 
in  “altitude”  tolerance. 

PATHOLOGICAL  FINDINGS 

Postmortem  examinations  were  performed  on  normal  control  male 
rats  not  exposed  to  reduced  barometric  pressure;  normal  male  rats 


Fig.  1.  The  photograph  at  the  left  illustrates  the  four  types  of  gross  lesions  of  the 
lungs  in  rats  exposed  for  two  hours  to  reduced  barometric  pressure  equivalent  to 
32,000  or  34,000  feet  altitude.  The  pale  hyperexpanded  lung  is  firm  beneath  the  super¬ 
ficial  emphysema.  .\n  area  of  consolidation  appears  in  Type  2  with  greater  degrees  of 
consolidation  in  Type  3.  Type  4  is  characterized  by  complete  consolidation  superficially 
as  well  as  internally.  In  all  types  the  lung  parenchyma  showed  marked  congestion  and 
edema  as  illustrated  in  the  photomicrograph  on  the  right.  The  air  spaces  are  filled 
with  serum  in  which  air  bubbles  have  been  entrapped. 


exposed  for  two  hours  to  reduced  barometric  pressure  equivalent  to 
an  altitude  of  32,000  or  34,000  feet ;  normal  male  rats  treated  with 
adrenal  cortical  extract  in  oil  and  then  expo.sed  for  two  hours  to  re¬ 
duced  barometric  pressure  equivalent  to  32,000  or  34,000  feet  alti¬ 
tude;  and  normal  male  animals  treated  with  sesame  oil  and  then  ex¬ 
posed  to  reduced  barometric  pressure. 

No  .significant  difference  in  the  type  of  pathological  changes  was 
observed  among  the  .several  experimental  groups  of  animals.  Since 
more  of  the  animals  treated  with  adrenal  cortical  extract  survived 
expo.sure  there  was  a  correspondingly  larger  number  of  animals  with 
minimal  pathological  change  in  this  group. 

The  most  important  change  in  all  of  the  animals  that  died  during 
the  single  two-hour  exposure  at  32,000  or  34,000  feet  was  widespread 
edema  and  congestion,  mo.st  striking  in  the  lungs  but  present  to  an 
important  degree  in  the  brain  and  in  all  of  the  viscera  including  the 
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liver  and  kidneys.  On  gross  examination  the  lungs  showed  variable 
changes  which  could  be  classified  into  four  groups  (Figure  1).  The 
lungs  in  the  first  group  appeared  normal  in  color.  On  .section  there  was 
marked  congestion  with  but  little  edema  in  the  alveolar  spaces.  The 
lungs  in  the  second  group  showed  single  areas  of  reddish  discoloration 
confined  usually  to  a  portion  of  a  lobe.  In  the.se  lungs  marked  con¬ 
gestion  was  evident  on  microscopic  examination  and  fluid  was  ob¬ 
served  in  the  alveolar  spaces  in  .scattered  areas.  The  lungs  in  the  third 


Fig.  2.  Changes  in  the  heart  of  an  animal  exposed  to  redueed  barometric  pressure 
equivalent  to  32,000  or  34,000  feet  altitude  for  two  hours.  The  photomicrograph  shows 
greatly  distended  lymphatics  adjoining  the  pulmonic  trunk. 


group  showed  many  large  and  small  areas  of  reddish  discoloration. 
Coalescence  of  the  small  and  large  areas  of  discoloration  and  consoli¬ 
dation  accounted  apparently  for  the  complete  consolidation  which 
characterized  the  lungs  in  the  fourth  group.  Foamy  fluid  was  present 
in  the  trachea  and  bronchi  in  group  three  and  group  four,  and  these 
lungs  .showed  on  microscopic  examination  severe  congestion  and 
massive  filling  of  the  alveolar  spaces  with  fluid.  The  four  groups  ap¬ 
peared  to  represent  four  stages  of  the  same  process  which  began  with 
marked  congestion  of  the  pulmonary  blood  vessels  and  alveolar  wall 
capillaries  and  pas.sed  rapidly  to  .severe  pulmonary  edema  when  a 
critical  point  was  reached. 

'  Analy.sis  of  the  occurrence  of  these  four  types  of  pulmonary  lesions 
in  the  animals  which  died  during  exposure  revealed  no  significant  dif¬ 
ference  between  the  several  experimental  groups  of  animals.  However, 


Fig.  4.  .\dronal;  Low  power  photomicrograph  .showing  cortex  and  medulla  of 
normal  control  rat. 
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Fig.  3.  Photomicrograph  of  the  kidney  of  a  rat  exposed  to  reduced  barometric 
pressure  equivalent  to  32,000  or  34,000  feet  altitude  for  two  hours.  Xote  edema  of 
capsular  spaces  of  glomeruli  and  edema  of  convoluted  tubules. 
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Fig.  5.  .\drenal:  Low  power  photomicrograph  of  rat  exposed  to  reduced  liarometric 
pressure  equivalent  to  36,000  feet  altitude  for  two  hours.  Note  marked  congestion  of 
capillaries  in  inner  zone  of  cortex  and  disintegration  of  the  cytoplasm  of  the  chromaffin 
cells  in  the  medulla. 


Fig.  6.  .\drenal:  Photomicrograph  at  left  shows  normal  medulla  (high  power)  of 
unexposed  control.  Note  well  stained  cytoplasm  of  cells  in  medulla  with  homogeneous 
appearance  and  orderly  arrangement  of  nuclei.  .\t  right,  photomicrograph  of  adrenal 
from  a  rat  exposed  for  two  hours  to  reduced  barometric  pressure  equivalent  to  30,000 
feet  altitude,  same  magnification.  Note  disintegration  of  cytoplasm  of  chromaffin  cells 
in  medulla  with  loss  of  cytoplasm  and  disorderly  arrangement  of  nuclei. 
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since  more  of  the  animals  treated  with  adrenal  cortical  extract  sur¬ 
vived  exposure,  there  was  a  correspondingly  larger  number  of  “nor¬ 
mal”  lungs  in  this  group. 

Dilatation  of  lymphatics  filled  with  edema  fluid  was  a  notable 
feature  throughout  the  body.  Edema  of  the  myocardium  (Figure  2) 
was  marked  in  many  instances  and  must  have  contributed  signifi¬ 
cantly  to  the  death  of  these  animals.  The  edema  of  the  kidneys  (Fig¬ 
ure  3)  was  clearly  seen  in  the  tubules  and  in  the  glomeruli.  The  capsu¬ 
lar  spaces  were  distended  wuth  protein-containing  fluid,  and  there  were 
accumulations  also  in  the  lumina  of  the  tubules.  Adrenals  of  rats  sub¬ 
jected  to  reduced  barometric  pressure  equivalent  to  32,000,  34,000  and 
36,000  feet  altitude  for  two  hours  showed  no  consistent  differences 
among  the  series.  Two  striking  changes,  however,  w'ere  apparent  in  all 
groups  so  exposed,  viz.  marked  congestion  of  the  capillaries  within  the 
inner  half  of  the  cortex  (Figures  4  and  5)  and  striking  disorganization 
of  the  chromaffin  cells  of  the  medulla  characterized  by  dissolution  of 
the  cytoplasm  and  loss  of  histologic  detail  (Figure  6). 

Survivors:  Survivors  of  the  single  two-hour  exposure  at  32,000  to 
36,000  feet  sacrificed  one  week  after  exposure  showed  areas  of  alveolar 
emphysema,  small  amounts  of  residual  atelectasis,  traces  of  edema 
fluid  in  a  few^  glomerular  capsular  spaces  and  scattered  small  hemor¬ 
rhages  in  the  viscera.  Very  little  congestion  of  the  capillaries  in  the 
inner  cortex  of  the  adrenal  gland  w'as  apparent,  and  the  chromaffin 
cells  of  the  medulla  approached  the  normal  in  appearance. 

DISCUSSION 

In  the  experiments  reported  in  this  study  it  appeared  that  treat¬ 
ment  with  a  concentrated  extract  of  adrenal  cortex  prepared  in  oil 
(equivalent  to  10-20  ml.  of  aqueous  extract  or  750-1500  gm.  of  fresh 
beef  adrenal  cortex)  afforded  some  measure  of  protection  to  normal 
rats  exposed  on  a  single  occasion  to  reduced  barometric  pressure  suf¬ 
ficient  to  kill  50-100  per  cent  of  control  untreated  animals  in  two  to 
four  hours.  It  is  not  knowm  by  what  mechanism  an  excess  of  adrenal 
cortical  hormone  protec' s  normal  animals  under  such  circumstances. 
The  failure  of  desoxycorticosterone  acetate  in  oil  therapy  to  protect 
normal  animals  suggests  that  the  mediation  of  the  adrenal  cortex 
action  is  not  related  to  an  increase  in  plasma  volume  or  sodium  and 
chloride  retention.  The  ineffectiveness  of  treatment  with  0.5  mg.  of 
17-hydroxycorticosterone  in  oil  is  more  difficult  to  understand  since 
it  is  known  that  treatment  with  this  compound  increases  liver  glyco¬ 
gen  content  and  blood  glucose  level  of  fasting  normal  animals  (Long, 
Katzin  and  Fry,  1940).  The  dose  employed  in  these  studies  was  of 
necessity  a  small  one,  and  it  is  possible  that  the  negative  result  ob¬ 
tained  was  due  to  inadequate  dosage.  The  recent  studies  of  Tipton, 
(1944)  on  the  effect  of  adrenalectomy  on  the  activity  of  cytochrome 
oxidase  and  the  concentration  of  cytochrome  C  are  of  interest  as  sug- 
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gesting  widespread  enzyme  systems  which  may  be  influenced  by  ad¬ 
renal  cortical  hormone. 

It  is  well  known  that  an  increase  in  the  partial  pressure  of  carbon 
dioxide  in  the  blood  improves  the  survival  rate  of  animals  exposed  to 
reduced  barometric  pressure  (Langley  and  Clarke,  1942).  It  is  not 
known,  however,  whether  an  excess  of  adrenal  cortical  extract  main¬ 
tains  or  even  increases  the  carbon  dioxide  partial  pressure  of  the  blood 
of  animals  exposed  to  reduced  barometric  pressure. 

SUMMARY 

A  technique  has  been  standardized  which  permits  the  measure¬ 
ment  of  acute  “altitude”  tolerance  in  relatively  large  groups  of  small 
animals.  It  was  found  that  exposure  of  animals  of  the  same  weight  and 
sex  under  fasting  conditions  to  reduced  barometric  pressure  equiva¬ 
lent  to  altitudes  of  32,000,  34,000  and  36,000  feet  for  two  hours  gave 
v’ery  reproducible  survival  rates.  By  exposing  control  and  treated 
animals  simultaneously  it  was  possible  to  compare  directly  the  sur¬ 
vival  rate  at  any  given  “altitude.”  “Altitudes”  which  gave  0-50  per 
cent  survival  among  the  control  animals  appeared  to  be  the  most 
satisfactory. 

Employing  such  a  standardized  “altitude”  tolerance  test  it  was 
observed  that  treatment  with  whole  adrenal  cortical  extract  (Kendall) 
concentrated  and  taken  up  in  oil  greatly  increased  the  survival  rate  of 
animals  exposed  to  reduced  barometric  pressure.  Desoxycorticoster- 
one  acetate,  17-hydroxycorticosterone  (0.5  mg.),  sodium  succinate 
(2  ml.  of  15  per  cent  solution)  and  sesame  oil  (control)  failed  to  im¬ 
prove  survival  rate  significantly.  The  pathological  changes  which  oc¬ 
curred  in  animals  that  died  during  the  acute  “altitude”  tolerance  test 
are  described  in  detail.  No  significant  difference  was  observed  in  the 
pathological  changes  in  control  and  treated  animals. 

CONCLUSION 

Treatment  with  a  concentrated  adrenal  cortical  extract  in  oil  in¬ 
creased  significantly  the  survival  rate  of  normal  rats  exposed  to  a 
standardized  acute  “altitude”  tolerance  test.  The  mechanism  by 
which  this  improvement  is  accomplished  is  not  known. 
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A  STUDY  OF  THE  FRACTIONATION  OF  NEUTRAL 
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From  the  Research  Division  Cleveland  Clinic  Foundation 

CLEVELAND,  OHIO 

Purification  of  total  neutral  fractions  of  urinary  steroids  is  now 
generally  recognized  as  necessary  to  overcome  the  atypical  colors 
caused  by  urinary  pigments  and  chromogens  in  the  Zimmerman  and 
Pincus  reactions.  This  is  not  so  important  in  the  latter  procedure 
since  the  maximum  absorption  of  blue  compounds  formed  by  the 
antimony  trichloride  reagent  is  distinctly  different  from  that  of  con¬ 
taminating  pigments  and  yellow  chromogens. 

The  Girard  reagent  is  generally  used  for  the  separation  of  the  non- 
ketonic  from  the  ketonic  fraction  and  provides  a  more  accurate  esti¬ 
mate  of  the  17-ketosteroid  content.  It  nevertheless  has  certain  disad¬ 
vantages  in  that  a  loss  of  17-ketosteroids  occurs,  and  the  ketonic 
fractions  obtained  are  seldom  free  from  pigment  and  nonketonic 
chromogens  and  frequently  give  the  same  atypical  colors  observed 
in  tmfractionated  extracts. 

A  better  method  seems  to  be  that  of  adsorption  on  magnesium 
oxide  and  elution  with  ether  (Bauman  and  Metzger,  1940).  The 
eluates  obtained  are  free  from  urinary  pigments  and  give  a  typical  17- 
ketosteroid  color  with  both  Zimmerman  and  Pincus  reagents.  In  the 
Zimmerman  reaction  the  color  densities  are  usually  low  when  com¬ 
pared  with  those  of  the  ketonic  fraction,  and  the  question  arises 
whether  the  magnesium  oxide  adsorbent  removes  not  only  the  pig¬ 
ment  but  some  17-ketosteroid  as  well. 

The  purpose  of  this  report  is  to  establish  by  means  of  absorption 
curves  the  changes  that  occur  when  total  neutral  extracts  are  ad¬ 
sorbed  on  magnesium  oxide  and  eluted  with  ether  and  to  determine 
as  far  as  possible  the  desirability  of  this  method  as  a  means  of  puri¬ 
fying  the  neutral  steroid  fraction. 

METHODS 

Preparation  of  urinary  extracts  Five  cc.  of  concentrated  sulfuric  acid  was 
added  to  each  100  cc.  of  urine,  and  hydrolysis  was  carried  out  by  boiling  for 
ten  minutes  followed  by  rapid  cooling.  Steroids  were  then  extracted  with 
butyl  ether.  A  few  cubic  centimeters  of  10  per  cent  Duponol  was  added  be¬ 
fore  extraction  to  prevent  formation  of  emulsions.  The  phenolic  fraction  was 
removed  by  several  extractions  with  1.5  N  sodium  hydroxide  followed  by 


Received  for  publication  March  22,  1945. 


392 


BOWMAN 


Volume  36 


washings  with  tap  water  until  the  butyl  ether  extract  was  clear.  The  latter 
was  then  vacuum  distilled,  and  the  steroid  residue  transferred  to  25  cc. 
flasks  and  dried  under  vacuum. 

In  the  routine  procedure  for  17-ketosteroid  determination  a  500  cc.  ali¬ 
quot  of  a  twenty-four  hour  urine  specimen  was  hydrolyzed  and  extracted 
twice  for  half  hour  periods  with  250  cc.  of  butyl  ether.  A  volume  of  this  ex¬ 
tract  equal  to  one  tenth  of  the  twenty-four  hour  specimen  was  then  taken  for 
assay.  Aliquots  taken  from  urine  specimens  on  which  17-ketosteroid  assays 
had  previously  been  done  comprised  the  pooled  specimens  used  in  this  work. 

Fractionation  The  Girard  separation  was  carried  out  on  the  crude  ex¬ 
tracts  according  to  the  method  described  by  Pincus  and  Pearlman  (1941). 
The  magnesium  oxide  adsorption*  was  essentially  that  of  Bauman  and 
Metzger  (1940),  except  that  petroleum  ether  (Baker’s  C.  P.  special  grade 
B.  P.  20'’-40°  C.).  was  used  instead  of  pentane.  Solution  of  the  total  neutral 
extract  in  the  petroleum  ether  was  facilitated  by  a  short  glass  stirring  rod 
14  cm.  long  and  bent  slightly  about  4  cm.  from  one  end  to  fit  the  sides  of  the 
25  cc.  Erlenmeyer  flask. 

Colorimetric  methods  The  colorimetric  determination  of  17-ketosteroids 
was  made  on  the  various  fractions  by  the  Zimmerman  or  Pincus  reaction  or 
both.  Spectrophotometric  measurements  were  made  on  a  Coleman  DM 
spectrophotometer  having  a  7.5  millimicrons  exit  slit. 

The  Zimmerman  reaction  .was  done  according  to  the  method  of  Holthorff 
and  Koch  (1940),  except  that  a  1  per  cent  m-dinitrobenzene  reagent  and  a 
reaction  time  of  one  hundred  and  five  minutes  were  used  as  recommended  by 
Nathanson  and  Wilson  (1943).  The  reaction  mixture  was  diluted  with  15  cc. 
of  70  per  cent  alcohol,  and  readings  were  taken  three  minutes  after  dilution, 
at  which  time  the  colors  were  stable  for  approximately  thirty  minutes.  Ab¬ 
sorption  curves  of  these  diluted  mixtures  showed  a  maximum  at  500  milli¬ 
microns  corresponding  to  that  of  the  androsterone  controls,  and  all  subse¬ 
quent  measurements  were  made  at  this  wave  length. 

The  antimony  trichloride  reaction  was  followed  as  described  by  Pincus 
(1945).  The  reaction  mixture  was  incubated  at  25  C.  for  fifty  minutes  in 
semidarkness.  Maximum  absorption  occurred  in  the  region  600-610  milli¬ 
microns.  For  the  sake  of  uniformity  all  determinations  were  made  at  600 
millimicrons. 

PROCEDURES 

Crude  neutral  urinary  extracts  from  23  healthy  men  were  pooled,  and 
suitable  aliquots  fractionated  by  both  methods  described.  Any  solid  material 
settling  from  the  crude  extracts  was  removed  by  centrifugation,  and  only 
clear  extract  was  used. 

Several  fractions  were  obtained  by  the  magnesium  oxide  adsorption 
method.  These  consisted  of  (1)  the  petroleum  ether  insoluble  residue  (PEI) 
remaining  after  extraction  of  the  total  neutral  fraction  with  petroleum  ether, 
(2)  the  fraction  not  adsorbed  on  magnesium  oxide  (NA)  and  remaining  in 
the  petroleum  ether  after  treatment  with  magnesium  oxide,  (3)  the  magne¬ 
sium  oxide  eluate  consisting  principally  of  17-ketosteroids,  and  (4)  the  frac¬ 
tion  not  eluted  (NE)  from  the  magnesium  oxide  by  ether.  The  last  fraction 

‘  The  MgO  was  obtained  from  the  Westvaco  Chlorine  Products  Co.  (adsorptive 
MgO,  #2641). 
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was  prepared  by  dissolving  the  magnesium  oxide  in  dilute  hydrochloric  acid 
and  thoroughly  extracting  the  solution  with  ether.  The  ether  layer  was 
washed  once  with  10  cc.  of  2.5  per  cent  sodium  carbonate  and  three  times 
with  water.  After  evaporation  of  the  ether  the  residue  was  dried  under 
vacuum. 

All  of  these  fractions  were  made  up  with  95  per  cent  redistilled  alcohol 
to  the  original  volume  of  crude  extract  employed.  By  this  procedure  0.2  cc. 
volumes  of  each  extract  used  for  17-ketosteroid  determination  would  show 
the  relative  amounts  of  chromogen  or  17-ketosteroid  removed  by  each  step 
in  the  separation. 

Absorption  curves  were  then  made  of  the  colors  produced  by  both  Zim- 


Fig.  1.  Absorption  curves  of  the  colors  developed  in  the  m-dinitrobenzene  reaction 
by  extracts  of  the  total  neutral  (TNF),  ketonic  (KF),  and  MgO  eluate  fractions.  The 
absorption  curve  of  IOO7  of  crystalline  androsterone  is  shown  for  comparison.  Readings 
were  made  with  reagent  blanks  in  the  reference  cell. 

merman  and  Pincus  reagents.  Reagent  blanks  were  used  in  the  reference  celb 
and  the  instrument  was  set  to  read  100  per  cent  transmission  at  each  wave 
length  in  order  to  correct  for  any  color  in  the  reagent  blank.  The  Pincus  re¬ 
agent  when  freshly  prepared  shows  less  than  1  per  cent  absorption  above 
500  millimicrons  and  gradually  increases  to  about  6  per  cent  at  380  milli¬ 
microns.  After  a  few  weeks  a  faint  red  color  develops,  at  which  time  the  ab¬ 
sorption  is  about  6  per  cent  over  the  whole  region  studied.  No  correction 
was  used  for  the  urinary  pigment  since  the  adsorption  with  the  dilutions 
used  was  negligible. 

RESULTS 

A.  Zimmerman  reaction  Figures  1  and  2  show  absorption  curves  of 
various  fractions  obtained  with  the  Zimmerman  reagent.  The  ketonic 
fraction  showed  marked  absorption  in  the  violet  around  420  milli¬ 
microns  indicating  that  substances  other  than  17-ketosteroids  were 
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present.  The  color  produced  in  the  reaction  mixture  was  still  some¬ 
what  brown  in  spite  of  the  fact  that  much  material  was  removed  with 
the  nonketonic  fraction.  Persistence  of  a  brown  color  has  occurred  in 
all  but  a  few  separations  done  in  this  laboratory. 

Absorption  in  the  violet  region  increased  appreciably  when  the 
reaction  time  was  increased  from  sixty  minutes  to  one  hundred  and 
five  minutes. 

The  absorption  curve  of  the  magnesium  oxide  eluate  showed 
greater  absorption  in  the  region  420-520  millimicrons  than  did  crys¬ 
talline  androsterone  but  much  less  than  the  ketonic  fraction.  The  color 


Fig.  2.  Absorption  curves  of  the  colors  developed  in  the  m-dinitrobenzene  reaction 
by  extracts  of  the  nonketonic,  NE,  PEI,  and  N.\  fractions.  Readings  were  made  with 
reagent  blanks  in  the  reference  cell. 


developed  by  the  Zimmerman  reagent  with  this  fraction  could  not  be 
grossly  distinguished  from  that  of  true  17-ketosteroids. 

The  PEI  fraction  containing  some  pigment  and  the  colorless  NA 
fraction  gave  some  color  with  the  Zimmerman  reagent.  Their  absorp¬ 
tion  curves  were  similar  both  in  shape  and  in  color  value. 

The  fraction  remaining  on  the  magnesium  oxide  after  ether  elution 
(NE)  closely  approximated  the  nonketonic  fraction  obtained  from 
the  Girard  separation  both  as  to  color  value  and  as  to  shape  of  the 
absorption  curve.  It  likewise  comprised  the  bulk  of  the  material  re¬ 
moved  from  the  total  neutral  fraction. 

Since  occasional  reddish  brown  tints  were  obtained  from  the  NA 
and  the  NE  fractions,  it  seemed  advisable  to  study  their  absorption 
curves  with  larger  aliquots.  Accordingly,  these  fractions  were  pre¬ 
pared  from  the  magnesium  oxide  and  petroleum  ether  left  from  the 
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fractionation  of  some  60  to  70  extracts  and  absorption  curves  made  at 
three  different  concentrations.  These  curves  were  similar  to  that  of 
the  NE  fraction  in  figure  2,  but  the  slope  of  the  curve  was  less  steep 
at  wave  lengths  above  450  millimicrons.  As  the  concentration  de¬ 
creased,  the  curve  tended  to  flatten  out  and  drop  abruptly  after  500 
millimicrons,  suggesting  that  a  small  amount  of  17-ketosteroid  present 
in  both  fractions  was  masked  by  greater  absorption  by  other  sub¬ 
stances  at  wave  lengths  below  500  millimicrons  resulting  in  a  com¬ 
posite  curve.  Talbot  and  associates  (1940)  showed  this  phenomenon 
in  extracts  fractionated  by  the  Girard  method.  The  colors  of  the  di- 
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Fig.  3.  Absorption  curves  of  the  colors  developed  in  the  antimony  trichloride  reac¬ 
tion  by  extracts  of  the  total  neutral,  ketonic,  and  MgO  eluate  fractions.  Dotted  line 
shows  the  absorption  curve  of  1057  of  crystalline  androsterone.  Readings  were  made 
with  reagent  blanks  in  the  reference  cell. 

luted  reaction  mixture  furthermore  were  a  reddish  brown.  An  absorp¬ 
tion  curve  of  the  color  produced  with  the  Pincus  reagent  showed  a 
distinct  maximum  at  500  millimicrons  confirming  the  presence  of  17- 
ketosteroids  in  these  fractions. 

Early  in  the  work  it  was  discovered  that  the  NE  fractions  varied 
in  their  response  to  the  Zimmerman  reagent.  When  elution  of  17- 
ketosteroids  from  the  magnesium  oxide  was  complete,  only  yellow 
solutions  resulted.  However,  as  shown  previously,  enough  17-ketoster¬ 
oid  can  escape  elution  to  give  a  brown  or  reddish  brown  color  to  the 
reaction  mixture.  By  extending  the  initial  elution  period  to  five  min¬ 
utes  and  by  breaking  up  any  lumps  of  magnesium  oxide  the  loss  from 
this  step  has  been  reduced. 

B.  Pincus  reaction  Absorption  curves  of  the  colors  produced  with 
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the  Pincus  reagent  are  shown  in  figure  3.  No  colors  developed  with  the 
PEI  and  NA  fractions.  Both  nonketonic  and  NE  fractions  developed 
yellow  colors  with  low  absorption  values  of  12  to  13  per  cent  at  600 
millimicrons  and  about  20  per  cent  at  400  millimicrons.  Their  similar 
behavior  on  reacting  with  both  the  m-dinitrobenzene  and  antimony 
trichloride  reagents  strongly  suggested  that  they  contained  approxi¬ 
mately  the  same  substances. 

Absorption  curves  of  the  ketonic  fraction  and  magnesium  oxide 
ehiates  in  the  Pincus  reaction  were  very  nearly  the  same,  although  the 
color  developed  with  the  ketonic  fraction  was  a  greenish  blue  while 
the  magnesium  oxide  eluates  were  blue  and  not  visibly  distinguishable 
from  the  androsterone  controls. 

Beer's  laiv  Table  1  gives  the  values  for  different  amounts  of  the 
total  neutral  fraction,  magnesium  oxide  eluates,  and  ketonic  fractions 


Table  1.  Values  obtained  by  using  various  quantities  of 

FRACTIONATED  AND  UNFRACTIONATED  EXTRACT 


Fractions 

Amount  of 
extract 
taken  (cc.) 

Androsterone 

equivalent 

(mg./cc.) 

Total  neutral  fraction 

0.05 

0.890 

0.10 

0.850 

0.15 

0.775 

0.20 

0.740 

MgO  eluate 

0.10 

0.570 

0.15 

0.555 

0.20 

0.565 

Ketonic  fraction 

0.10 

0.680 

0.15 

0.640 

0.30 

0.625 

used  in  obtaining  the  data  in  figure  1.  With  the  Zimmerman  reagent 
the  magnesium  oxide  eluate  gave  more  nearly  uniform  results  than 
did  the  ketonic  fraction,  while  the  total  neutral  fraction  showed  no 
tendency  to  follow  Beer’s  law  except  at  low  concentrations. 

Irregular  results  were  obtained  when  the  same  extracts  were  used 
with  the  Pincus  reagent.  In  one  experiment  only  the  total  neutral 
fraction  and  in  another  only  the  magnesium  oxide  eluate  followed 
Beer’s  law. 

Extraction  of  color  with  chloroform  Cahen  and  Salter  (1944)  recently 
reported  a  method  of  eliminating  certain  extraneous  chromogens 
from  the  diluted  m-dinitrobenzene  reaction  mixture  by  extraction 
with  chloroform.  The  various  fractions  herein  reported  were  ex¬ 
tracted  in  this  manner  and  their  absorption  curves  studied.  The  origi¬ 
nal  technic  was  altered  in  order  to  obtain  a  sufficient  volume  of  the 
chloroform  phase  to  measure  in  the  spectrophotometer  cell.  For  this 
purpose  the  reaction  mixture  was  diluted  with  9  cc.  of  60  per  cent 
alcohol  and  extracted  with  3.6  cc.  of  chloroform.  Under  these  condi¬ 
tions  the  underlying  pink  chloroform  phase  showed  an  absorption 
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maximum  at  500  millimicrons.  The  extraction  did  not  alter  the  shape 
of  the  absorption  curves  except  that  of  the  total  neutral  fraction  in 
which  a  maximum  usually  occurring  at  420  millimicrons  was  shifted 
to  approximately  450  millimicrons. 

The  yellow  supernatant  layer  was  most  deeply  tinged  in  the 
chloroform  extraction  of  the  total  neutral  fraction,  slightly  less  in  the 
ketonic,  and  least  in  the  magnesium  oxide  eluate. 

Of  the  other  fractions  studied  only  the  PEI  and  NA  fractions  con¬ 
sistently  showed  pink  coloration.  This  color  was  scarcely  perceptible 
in  individual  extracts  but  became  more  evident  when  several  extracts 
were  pooled.  The  nonketonic  fraction  showed  no  pink  tinge  in  any 
test,  while  the  NE  fractions  gave  only  very  faint  pink  colors  in  four 
out  of  seven  fractionations  of  the  same  pooled  crude  extract.  The  other 
three  gave  yellow'  colors  only. 


Table  2.  Androsterone  equivalent  of  various  fractions  after  extraction  of 

THE  M-DINITROBENZENE  REACTION  MIXTURE  WITH  CHLOROFORM 


Fraction 

Androsterone  equivalent  (mg./cc.) 

m-dinitrobenzene 

chloroform 

extracted 

Total  neutral 

0.865 

Ketonic 

0.625 

MgO  eluate 

0.610 

0.510 

Petroleum  ether  insoluble 

0.095 

0.050 

Not  adsorbed 

0.080 

0.065 

Not  eluted 

0.070 

0.045 

Nonketonic 

0.105 

0.045 

The  effect  of  chloroform  extraction  on  the  color  values  of  the  vari¬ 
ous  fractions  is  shown  in  table  2.  In  this  experiment  it  seems  signifi¬ 
cant  that  the  magnesium  oxide  eluate  gave  a  slightly  higher  value  for 
17-ketosteroids  than  did  the  ketonic  fraction.  Since  the  supernatant 
water-alcohol  layer  of  the  ketonic  fraction  was  more  deeply  tinged 
with  yellow'  than  w'as  that  of  the  magnesium  oxide  eluate,  it  seemed 
reasonable  to  believe  that  the  difference  in  values  obtained  by  the 
two  fractionation  methods  might  be  caused  largely  by  extraneous 
chromogens  originating  in  by-products  of  the  reaction  mixture  itself. 

DISCUSSION 

Fractionation  of  the  crude  neutral  extract  should  effect  complete 
removal  of  the  adsorbed  17-ketosteroids  from  the  magnesium  oxide, 
but  this  does  not  appear  to  be  strictly  true.  A  small  amount  of  17- 
ketosteroid  is  always  found  on  the  magnesium  oxide  (NE  fraction) 
and  may  represent  some  steroid  not  easily  eluted  with  ether.  On  the 
other  hand,  a  small  amount  is  usi-tlly  detected  in  the  petroleum  ether 
after  adsorption  (NA  fraction),  and  this  may  represent  some  steroid 
not  easily  adsorbed  on  magnesium  oxide.  That  the  losses  may  be 
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mechanical  seems  unlikely,  since  reddish  brown  colors  are  developed 
with  the  Zimmerman  reagent  even  after  prolonged  and  vigorous  shak¬ 
ing  during  both  the  adsorption  and  elution.  17-ketosteroids  are  also 
detected  in  the  residue  after  extraction  of  the  crude  neutral  fraction 
with  petroleum  ether.  Their  presence  probably  depends  on  the  degree 
of  thoroughness  of  the  extraction.  Crude  neutral  fractions  sometimes 
contain  large  amounts  of  petroleum-ether-insoluble  material,  and 
complete  extraction  of  the  steroids  in  these  cases  is  always  question¬ 
able.  Recent  experiments  indicate  that  dissolving  crude  neutral  ex¬ 
tracts  in  1  cc.  of  carbon  tetrachloride  before  adding  the  petroleum 
ether  reduces  this  loss  of  17-ketosteroids  to  a  minimum. 

Substances  other  than  17-ketosteroids  in  the  PEI,  NE,  and  prob¬ 
ably  the  NA  fractions  contribute  to  the  total  color  developed  by  the 
Zimmerman  reagent  and  make  the  actual  loss  of  17-ketosteroids  dif¬ 
ficult  to  measure.  Since  in  the  presence  of  these  fractions  little  or  no 
color  is  developed  by  the  antimony  trichloride  reagent,  the  actual  17- 
ketosteroid  loss  with  careful  technic  may  be  so  small  as  to  have  little 
effect  on  the  result  of  a  determination.  When  comparison  is  made 
between  the  magnesium  oxide  eluate  and  the  ketonic  fraction  after 
the  removal  by  chloroform  of  certain  by-products  of  the  Zimmerman 
reaction,  the  loss  is  probably  no  greater  than  in  the  Girard  separation. 

SUMMARY 

,  The  adsorption  of  neutral  urinary  extracts  on  magnesium  oxide 
and  elution  with  ether  has  been  compared  w  ith  the  Girard  separation 
as  a  means  of  purification. 

In  the  m-dinitrobenzene  reaction  the  absorption  curves  of  the 
magnesium  oxide  eluates  are  more  nearly  like  that  of  androsterone 
than  are  those  of  the  ketonic  fractions.  In  addition  they  more  closely 
conform  to  the  requirements  of  Beer’s  law. 

Absorption  curvfes  of  the  colors  formed  from  magnesium  oxide 
eluates  and  the  ketonic  fractions  by  the  antimony  trichloride  reagent 
show’  a  similarity  both  to  each  other  and  to  crystalline  17-ketosteroids. 
Colors  of  the  ketonic  fraction  developed  by  both  reagents  are  atypical 
and  indicate  contaminants  having  maximum  absorption  in  the  violet. 
The  magnesium  oxide  eluates  give  colors  that  are  grossly  indistin¬ 
guishable  from  the  androsterone  controls. 

By  extraction  with  chloroform  of  extraneous  chromogens  from  the 
diluted  m-dinitrobenzene  reaction  mixture  17-ketosteroid  equivalents 
of  the  ketonic  fraction  and  magnesium  oxide  eluates  have  nearly  the 
same  v’alue,  which  probably  accounts  for  the  lower  color  densities 
observed  in  the  magnesium  oxide  eluates. 

Losses  of  17-ketosteroids  in  the  various  steps  of  the  adsorption  are 
discussed,  and  ways  are  indicated  to  keep  these  at  a  minimum. 
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INVOLUTION  OF  THE  ADRENAL  CORTEX  IN 
RATS  FED  WITH  THIOURACIL' 

EMIL  J.  BAUMANN  and  DAVID  MARINE 
From  the  Laboratory  Division,  Montefiore  Hospital 

NEW  YORK 

Since  the  adrenal  cortex  involutes  after  thyroidectomy  and  en¬ 
larges  on  feeding  thyroid,  our  interest  in  these  interrelations  led  us  to 
study  the  adrenals  under  the  complete  abolition  of  thyroid  function 
that  obtains  when  sufficient  thiouracil  is  fed.  Changes  occurring  in  the 
adrenal  medulla  are  described  in  a  separate  paper  (Marine  and  Bau¬ 
mann,  1945),  while  the  behavior  of  the  adrenal  cortex  in  thiouracil 
fed  rats  is  described  here. 

Kennedy  and  Purves  (1941)  found  that  rats  made  goitrous  by 
feeding  brassica  seeds  had  hypertrophied  adrenal  glands  containing  a 
great  increase  in  cortical  lipoids.  Richter  and  Clisby  (1942),  on  the 
other  hand,  saw  no  changes  in  the  adrenal  glands  of  rats  treated  with 
phenyl  thiourea.  Williams,  Kay  and  Jandorf  (1944)  found  a  greater 
concentration  of  thiouracil  in  the  adrenals,  ovaries  and  bone  marrow 
than  in  other  tissues  of  the  body,  Williams,  Bissell,  Jandorf  and  Peters 
(1944)  also  attempted  to  show  effects  of  thiouracil  on  the  adrenal 
glands  of  patients  with  hyperadrenocorticism  by  metabolism  and 
blood  studies  but  those  efforts  yielded  only  equivocal  results.  They 
state  that  thiouracil  fed  to  rats  caused  no  w^eight  or  histological 
changes  in  the  adrenals.  Le blond  and  Hoff  (1944)  reported  that  both 
thiourea  and  thiouracil  decrease  the  absolute  size  of  the  adrenals  of 
rats  by  30  per  cent  or  more,  though  not  greatly  in  relation  to  body 
weight.  They  believed  the  reduction  in  adrenal  weight  to  be  similar 
to  that  found  in  their  thyroidectomized  controls.^ 

METHODS 

Our  work  was  carried  out  on  80  albino  rats  of  both  sexes,  which  were 
given  daily  doses  of  40  to  120  mg.  of  thiouracil  in  their  food  for  varying  peri¬ 
ods  up  to  one  year.®  ’ 

Some  rats  were  little  more  than  a  month,  others  over  a  year  old  when 
feeding  thiouracil  began.  The  younger  rats  on  40  mg.  a  day  gained  weight 
at  nearly  the  same  rate  as  their  litter  mates;  several  pregnancies  occurred 

Received  for  publication  March  26,  1945. 

*  A  preliminary  report  of  some  of  this  work  will  be  found  in  Federation  Proceed¬ 
ings,  1945. 

*  We  are  indebted  to  the  Lederle  Laboratories  who  generously  supplied  us  with  most 
of  the  thiouracil,  and  to  Miss  Norine  Boetsch  for  preparing  tissues  for  microscopic 
examination. 
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among  them,  but  the  young  were  abandoned.  On  larger  doses  there  was  more 
or  less  stunting.  When  80  mg.  or  more  of  thiouracil  per  day  was  given,  uri¬ 
nary  sediments  of  thiouracil  appeared  in  the  kidneys,  ureters  and  bladders, 
which  in  a  few  instances  caused  symptoms  of  obstruction.  But  in  most  cases, 
the  rats  were  not  gros.sly  affected  by  the  treatment. 

Serial  sections  of  the  median  portion  of  formalin-fixed  adrenals  (usually 
the  left)  were  stained  with  hematoxylin  and  eosin  and  a  camera  lucida  draw¬ 
ing  was  made  of  the  section  from  each  gland  having  the  largest  .surface  in 
order  to  determine  the  absolute  and  relative  sizes  of  cortex  and  medulla. 
While  the  reduction  factor  for  conversion  of  the  magnified  drawings  to  true 
size  is  only  a  rough  figure,  the  values  of  the  median  cross  section  areas  are 
strictly  comparable. 


RESULTS 

Some  of  the  data  of  one  series  of  21  old  female  rats  (Exp.  22)  are 
given  in  Table  I  as  illustrative.  They  had  been  used  as  breeders  and 
were  over  a  year  old.  Seven  were  kept  as  controls;  the  remaining  14 
were  given  80  mg.  of  thiouracil  daily  in  their  food.  Usually  at  fort- 


Table  I.  Effect  of  thiouracil  on  the  adrenal  cortex 

OF  OLD  FEMALE  RATS 


No.  Treat- 
rats  ment 

Weight 

Area  median  section 

Cortex 

Body 

Thyroid 

Adrenal 

Whole  gland  Cortex 

■Whole 

gland 

days 

Km. 

S.D. 

mg. 

S.D. 

mg. 

S.D. 

mm* 

S.D. 

mm’ 

S.D. 

% 

S.D. 

7 

0 

248 

22 

17 

3 

52 

3 

7.0 

0.8 

5.8 

0.9 

83 

4 

4 

14-28 

252 

7 

42 

6 

39 

10 

6.3 

0.8 

4.8 

0.7 

73 

5 

5 

42-71 

251 

12 

57 

7 

32 

4 

5.7 

1.0 

4.2 

0.8 

72 

3 

4 

85-113 

265 

24 

63 

10 

28 

3 

5.4 

0.9 

4.0 

0.6 

74 

2 

nightly  intervals,  two  experimental  rats  and  a  control  were  killed 
with  chloroform,  autop.sies  performed  and  the  organs  weighed. 

The  normal  weight  of  the  adrenals  of  our  fully  grown  female  and 
male  rats  is  about  50  and  35  mg.  respectively,  while  after  3  or  4  months 
of  thiouracil  feeding  the  glands  weighed  only  25  and  20  mg.  Occasion¬ 
ally  adrenals  as  small  as  16-18  mg.  were  found.  On  more  prolonged 
feeding  w'e  have  the  impression  that  after  reaching  a  low  point  in 
about  3-4  months,  the  glands  may  increase  in  size  but  our  data  do 
not  permit  us  to  make  a  stronger  statement  on  this  point  at  present. 
The  decrease  in  size  is  due  entirely  to  cortical  involution.  The  medulla, 
on  the  other  hand,  undergoes  an  hypertrophy,  as  shown  in  a  separate 
paper  (Marine  and  Baumann,  1945),  thus  masking  part  of  the  cortical 
involution.  (See  Figures  1  and  2.) 

Thus  we  find  in  this  series  of  rats  that  the  average  control  area  of 
the  cortex  is  5.8  sq.  mm.  (range  4.8-7.3).  The  cortices  of  the  thiouracil 
fed  rats  decrease  as  feeding  continues,  somewhat  irregularly,  to  3.4 
sq.  mm.  and,  wdth  the  exception  of  rat  22c  fed  for  only  14  days,  whose 
median  cortex  surface  was  5.9  sq.  mm.,  every  adrenal  had  a  median 
cortical  area  smaller  than  the  average  control.  Since  all  these  animals 
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were  of  about  the  same  size  both  at  the  beginning  and  end  of  the  ex¬ 
periment,  the  body  weight  is  not  a  factor  in  this  reduction  in  size  of 
the  adrenal  cortex.  In  other  experiments,  female  rats  had  median  cor¬ 
tical  areas  measuring  only  2.2,  2.6,  3.0  sq.  mm.,  while  in  males  areas 
of  as  small  as  2.0,  2.3,  2.9  sq.  mm.  were  observed. 

In  the  control  animals  the  cortex  averages  83  per  cent  of  the  area 
of  a  median  section,  while  in  all  the  rats  treated  with  thiouracil  from 
2  to  16  weeks  it  averages  only  73  per  cent  of  the  surface  (range  65-78 
per  cent).  In  other  experiments  where  thiouracil  was  fed  from  4  to 
6  months,  cortical  areas  made  up,  for  example,  only  59,  60,  62  and  63 
per  cent  of  the  median  section  t^urface,  although  the  medullas  had 
doubled  in  size  in  the  same  period. 

Attempts  were  made  to  serial  section  each  gland  in  the  same  rela¬ 
tion  to  the  hilum.  If  the  section  showing  the  largest  surface  did  not 
include  the  largest  medulla  area  because  of  developmental  variations, 
it  would  necessarily  have  a  larger  surface  of  cortex  which  obviously 
would  increase  the  proportion  of  cortex.  Yet  every  gland  invariably 
had  a  smaller  cortical  area  than  the  average  of  the  controls.  In  fact, 
microscopic  examination  leaves  no  doubt  of  the  profound  involution 
that  has  taken  place.  The  color  of  the  glands  usually  changes  to  a 
brownish  or  grayish  brown.  All  three  zones  of  the  cortex  are  preserved 
but  each  is  involved  in  the  shrinkage.  The  capillaries  are  widened  and 
usually  intensely  congested.  Often  there  are  cystic  spaces  of  varying 
size,  occasionally  visible  as  purplish  nodules  iii  the  gross.  (See  Figure 
2.)  The  larger  cysts  are  filled  with  serum  containing  some  erythro¬ 
cytes  while  the  smaller  ones  appear  as  hemorrhagic  foci.  The  cells  of 
the  glomerular  zone  are  small  and  fat  stains  (Sudan  IV)  show  less 
lipoid  material  than  do  normals.  Despite  the  narrowing  of  the  fascic¬ 
ular  zone,  the  cells  are  swollen,  granular  and  many  contain  large 
vacuoles.  P'at  stains  show  a  higher  lipoid  content  than  normals.  The 
reticular  zone  is  extremely  congested  with  many  smaller  and  larger 
hemorrhages,  from  which  the  cysts  just  referred  to  arise.  The  lipoid 
material  is  reduced.  This  zone  also  contains  a  striking  increase  in 
yellowish  brown  cell  pigment  which  is  unevenly  distributed — some 
cells  being  deeply  pigmented  while  in  others  it  is  not  recognizable. 
(See  Figures  3  and  4.) 

It  is  worthy  of  note  that  in  spite  of  this  cortical  involution  which 
we  have  invariably  observed  in  thiouracil  fed  rats  the  capacity  of  this 
tissue  for  growth  and  regeneration  has  not  been  lost,  given  the  stimulus 
of  infection,  a  long  known  cause  of  adrenal  cortical  hypertrophy.  At 
autopsy  a  number  of  the  rats  were  found  to  have  snuffles-pneumonia 
of  varying  degrees  of  severity.  Data  similar  to  those  in  Table  I  are 
given  in  Table  II  for  five  such  female  rats  fed  thiouracil  for  1-6 
months  and,  for  comparison,  two  untreated  young  female  rats  that 
died  of  snuffles-pneumonia.  WTiile  the  cortical  area  in  the  untreated 
infected  rats  was  5.9  and  7.5  sq.  mm.  compared  to  5.8  sq.  mm.  for 


Fig.  1.  Normal  adrenal  gland,  adult  male  rat.  X21. 

Fig.  2.  .\drenal  gland — female  adult  rat  (14d)  fed  80  mg.  thiouracil  daily 
for  4  months.  X21. 

Fig.  3.  .\drenal  cortex  from  same  section  as  Fig.  1.  X200. 

Fig.  4.  .\drenal  cortex  from  same  section  as  Fig.  2.  X200. 
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the  average  control  old  females,  the  infected  rats  fed  thiouracil  had 
an  average  cortical  area  of  5.1  sq.  mm.  The  average  cortical  area  of  the 
thiouracil  fed  rats,  where  pneumonia  was  not  a  factor,  was  only  4.3 


Table  II.  Effect  of  thiouracil  ox  the  adrenal  cortex 

OF  INFECTED  FEMALE  RATS 


No. 

rats 

Treat¬ 

ment 

Weight 

•Area  median  section 

Body 

Thyroid 

.\drenal 

Whole  gland 

Cortex 

days 

Km. 

S.I). 

mg. 

S.D. 

mg. 

S.D. 

mm* 

S.D. 

mm* 

S.D. 

o 

0 

146 

0 

16 

1 

81 

25 

7.9 

0.8 

6.7 

0.8 

2 

30-42 

260 

13 

80 

7 

47 

6 

6.9 

0.9 

5.3 

0.6 

3 

135-195 

219 

53 

173 

39 

54 

3 

7.1 

0.5 

5.0 

0.02 

sq.  mm.  So  that  there  is  a  partial  regeneration  of  the  cortex  in  these 
infected  rats.  Similar  observations  have  been  made  in  four  male  rats 
having  pneumonia  when  killed. 

DISCUSSION 

In  our  earlier  studies  on  the  thyroid-adrenal  interrelationship,  we 
showed  among  other  things  that  sublethal  injury  of  the  adrenal  cor¬ 
tex  caused  an  increased  metabolic  rate  (in  rabbits  and  cats)  but  not  if 
the  thyroid  glands  had  been  removed  (Marine  and  Baumann,  1921, 
1922;  Scott,  1922).  Further  evidence  of  the  thyroid-adrenal  cortex 
interrelationship  has  been  obtained  by  several  other  experimental 
procedures  (McQueen-Williams,  1934;  Hoen,  Langefeld  and  Oehme, 
1939;  Koelsche,  1934).  We  interpreted  these  findings  as  indicating 
that  the  adrenal  cortex  exercises  an  inhibitory  control  over  the  thy¬ 
roid  gland.  Whenever  there  is  a  relative  .sublethal  adrenal  cortical 
deficiency,  as  evidenced  by  cortical  hypertrophy,  as  in  pregnancy,  in¬ 
fection,  thyroid  feeding,  etc.,  there  occurs  an  increa.sed  metabolism 
and  often  thyroid  hyperpla.sia.  Conversely,  in  many  conditions  in 
which  metabolism  is  lowered,  the  adrenal  cortex  decreases  in  .size. 
This  may  be  looked  upon  as  an  effort  of  the  body  to  compensate  by 
increasing  metabolism.  So  in  the  very  complete  inhibition  of  thyroid 
secretion  which  occurs  when  thiouracil  is  fed,  the  cortical  involution 
may  be  regarded  in  large  measure  as  an  extreme  attempt  at  compensa¬ 
tion,  probably  due  to  depre.s.sion  of  the  adrenocorticotropic  factor, 
since  the  cortex  of  such  animals  promptly  responds  to  infection  with 
hypertrophy. 

SUMMARY 

The  adrenal  cortex  of  rats  fed  with  thiouracil  undergoes  involution 
which  may  reduce  it  to  less  than  half  its  .size  if  treatment  is  continued 
for  3  or  4  months.  All  three  zones  of  the  cortex  are  involved  in  this 
shrinkage.  The  fa.scicular  zone  shows  a  greater  amount  of  lipoid  ma¬ 
terial  than  that  normally  seen,  while  in  the  remaining  two  zones,  the 
lipoid  is  reduced.  There  is  extreme  congestion  that  often  results  in 
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hemorrhage  in  the  reticular  zone  from  which  cysts  may  arise.  The 
cortical  involution  is  regarded  as  an  attempt  to  compensate  for  the 
loss  of  thyroid  secretion. 
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STUDIES  OX  THE  JMECHANISM  OF  THE  HYPER¬ 
CHOLESTEROLEMIA  AND  HYPERCALCEMIA 
INDUCED  BY  ESTROGEN  IN  IMMATURE 
CHICKS 

WALTER  FLEISCHMANN  and  ILSE  A.  FRIED^ 

The  ovarian  estrogenic  hormone,  which  is  responsible  for  the 
cyclic  growth  of  the  oviduct  in  the  pigeon  is  also  responsible  for  in¬ 
creases  of  Ca,  P  and  fat  in  the  blood  at  the  time  of  egg  production. 
This  relation  was  first  suggested  by  Riddle  in  1927  and  since  then 
estrogen  was  shown  to  be  the  provocative  agent  for  increase  of  blood 
Ca,  P  and  fat  in  birds  by  a  number  of  workers.  The  literature  on  this 
subject  has  been  comprehensively  reviewed  by  Riddle  (1942)  and  by 
Gardner  and  Pfeiffer  (1943).  Treatment  with  estrogens  induces  a  rise 
in  all  fractions  of  the  serum  lipids  in  immature  chicks  (Lorenz, 
Entenman  and  Chaikoff,  1938),  but  little  is  known  about  the  mecha¬ 
nism  involved  in  this  relationship.  Zondek  and  Marx  (1939)  produced 
lipemia  in  starved  cocks  by  injecting  estradiol  benzoate.  They  con¬ 
cluded  from  this  experiment  that  “the  fat  absorbed  into  the  blood  is 
derived  from  the  animals’  fat  deposits.”  They  found  further  that  ad¬ 
ministration  of  active  principles  derived  from  the  anterior  lobe  of  the 
hypophysis  simultaneously  with  estrogenic  hormone  did  not  prevent 
the  occurrence  of  the  lipemia. 

In  a  previous  paper  (Fleischmann  and  Shumacker,  1942)  we  have 
reported  determinations  of  total  body  cholesterol  and  serum  choles¬ 
terol  in  thyroidectomized  rabbits  and  rats,  in  rats  treated  with  thy¬ 
roxin  and  in  normal  controls.  It  was  found  that  changes  in  the  con¬ 
centration  of  cholesterol  in  the  serum  do  not  parallel  changes  in  the 
concentration  of  cholesterol  in  the  body.  The  experimental  data  indi¬ 
cated  that  the  thyroid  hormone  influences  the  shift  of  cholesterol  to 
and  from  the  blood  plasma  rather  than  that  it  has  a  specific  effect  on 
the  synthesis  and  destruction  of  cholesterol. 

It  seemed  of  interest  to  extend  these  studies  to  the  hypercholes¬ 
terolemia  induced  in  immature  birds  by  injection  of  estrogens.  Be¬ 
cause  of  the  close  interrelationship  of  cholesterol,  Ca  and  the  various 
P  fractions  the  level  of  these  substances  was  included  also  in  this 
study.  Finally,  an  attempt  was  made  to  determine  the  influence  of 
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thiourea  and  its  derivative,  thiouracil.  The  effects  of  these  antithy¬ 
roid  compounds  on  the  thyroid  gland  (Astwood,  Bissell  and  Hughes, 
1944;  Mixner,  Reineke  and  Turner,  1944;  Schultze  and  Turner,  1944) 
and  on  the  plumage  (Juhn,  1944;  Domm  and  Blivaiss,  1945)  of  chicks 
have  been  reported,  but  we  know  of  no  studies  on  their  influence  on 
blood  chemistry  in  birds. 

MATERIALS  AND  METHODS 

Immature  chicks  of  both  sexes,  mostly  barred  rocks  about  3  weeks  old, 
were  used.  They  were  fed  a  commercial  “growing  mash.”  Daily  doses  of  1 
mgm.  estradiol  dipropionate^  in  a  1:200  solution  in  oil  were  given  intramus¬ 
cularly  and  1  mgm.  thyroxin  in  a  1 : 1000  water  solution  were  given  subcu¬ 
taneously.  As  daily  doses  of  1  mg.  were  used,  the  figures  on  the  tables,  if  it 
is  not  stated  otherwise,  indicate  both  the  duration  of  the  experiment  and  the 
total  amount  of  hormone  given.  Untreated  birds  of  the  same  brood  were 
used  as  controls.  Thiourea  and  thiouracil®  were  mixed  with  the  mash.  In 
the  first  group  of  experiments  cholesterol  and  Ca  were  determined  on  the 
serum  of  single  chicks.  Total  body  cholesterol  was  determined  on  exsanguin¬ 
ated  chicks  after  removal  of  the  contents  of  the  gizzard  and  the  intestines  by 
the  method  of  Schoenheimer  and  Breusch  (1933).  Serum  cholesterol  was 
determined  by  the  colorimetric  micro-method  of  Pijoan  and  Walter  (1937), 
with  the  modification  that  the  maximum  color  was  developed  at  25°  instead 
of  at  icebox  temperature.  In  all  experiments  listed  on  tables  III  and  IV  the 
pooled  serum  from  2  to  5  birds  was  used.  Lipoid  P  was  determined  in  an  al¬ 
cohol-ether  extract  of  the  protein  precipitated  by  trichloroacetic  acid.  By 
protein  P  is  meant  the  P  fraction  which  remains  in  the  trichloroacetic  acid 
precipitate  after  repeated  extractions  with  Bloor’s  alcohol-ether  mixture. 

RESULTS 

Antagonistic  Effects  of  Estradiol  and  Thyroxin  on  Serum 
Cholesterol  and  Calcium 

It  has  been  demonstrated  that  estradiol  causes  an  increase  of  both 
cholesterol  and  Ca  in  the  serum  of  birds.  No  experiments  on  the  effect 
of  thyroxin  on  these  two  blood  constituents  seem  to  have  been  re¬ 
ported  on  birds.  In  mammals  thyroxin  lowers  the  level  of  serum 
cholesterol,  but  has  no  effect  on  the  calcium  content  of  the  serum. 
On  Table  I  the  effects  of  daily  injections  of  1  mg.  of  estradiol  dipropi¬ 
onate  and  of  1  mg.  thyroxin  and  of  combined  treatment  with  the  two 
hormones  are  show  n.  The  duration  of  the  experiments  listed  on  Table 
I  varied  from  5  to  9  days. 

Thyroxin  could  neutralize  the  effects  of  estradiol  only  if  the  dose 
of  thyroxin  used  was  at  least  equal  to  that  of  estradiol  dipropionate. 

*  The  estradiol  benzoate  (Dimenformon  Benzoate),  estradiol  dipropionate  (Dimen- 
formon  Dipropionate),  and  thyroxin  (Thyroxine,  Roche-Organon)  used  were  kindly 
supplied  by  Roche-Organon,  Inc.,  Nutley,  N.  J.  through  the  courtesy  of  Dr.  Leo 
Pirk. 

*  Thiouracil  (Deracil)  powder  was  kindly  supplied  by  Lederle  Laboratories,  Inc., 
Pearl  River,  N.  Y. 
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In  an  experiment  in  which  9  mg.  of  estradiol  dipropionate  and  7  mg. 
of  thyroxin  were  given  in  9  days,  the  serum  cholesterol  was  170  mg. 
per  cent,  the  serum  calcium  21.5  per  cent  (average  of  tw'o  birds).  In 
the  experiments  with  combined  treatment  listed  on  Table  I,  1  mg.  of 
estradiol  dipropionate  and  1  mg.  of  thyroxin  were  given  on  each  day. 

It  seemed  of  interest  to  determine  whether  thyroxin  could  neu¬ 
tralize  the  effect  of  estradiol  only  if  given  simultaneously  or  whether 
it  could  reduce  the  level  of  cholesterol  and  calcium  after  it  had  been 
raised  by  estradiol.  In  three  chicks  5  days  old  estradiol  dipropionate 
was  given  through  3  days  and  on  the  fourth  day  blood  w’as  taken  from 


Table  I.  Summary  of  results  on  single  chicks 


Treatment 

No.  of  birds 

Serum  cholesterol 
mg.  per  cent 

Serum  calcium 
mg.  per  cent 

None 

133+28 

11.3+1.6 

Estradiol 

322  ±36 

43.1  ±9.4 

Thyroxin 

108  ±42 

9. 4+0. 9 

Estradiol  +  Thyroxin 

118±36 

14.8±2.9 

the  wing  vein  and  the  cholesterol  level  determined.  It  was  314  mg. 
per  cent  in  chick  No.  44,  314  mg.  per  cent  in  chick  No.  45,  and  326 
mg.  per  cent  in  chick  No.  46.  Estradiol  dipropionate  0.5  mg.  was  then 
given  daily  through  6  days  to  all  three  chicks  and  birds  No.  45  and 
46  were  given  1  mg.  of  thyroxin  daily  subcutaneously  in  addition.  On 
the  tenth  day  of  the  experiment  the  birds  were  sacrificed.  The  levels 
of  cholesterol  and  Ca  in  the  serum  were:  No.  44,  cholesterol  320  mg. 
per  cent,  Ca.  34.4  mg.  per  cent;  No.  45,  cholesterol  146  mg.  per  cent, 
Ca.  18.7  mg.  per  cent;  No.  46,  cholesterol  173  mg.  per  cent,  Ca.  14.5 
mg.  per  cent.  In  another  experiment  a  group  of  chicks  was  given  estra¬ 
diol  dipropionate  1  mg.  daily  through  5  days.  All  but  one  were  killed 
and  the  cholesterol  content  of  the  pooled  serum  of  the  group  was 
estimated  at  384  mg.  per  cent.  The  surviving  chick  was  treated  for  the 
next  4  days  with  estradiol  dipropionate  1  mg.  and  thyroxin  1  mg. 
daily.  At  the  end  of  the  experiment  its  cholesterol  level  was  86  mg.  per 
cent.  From  these  experiments  it  is  obvious  that  thyroxin  can  reduce 
the  level  of  serum  cholesterol  and  calcium  after  it  has  been  elevated 
by  the  administration  of  estradiol. 

Effect  of  Thiourea  on  Serum  Cholesterol  and  Calcium 

In  a  preliminary  experiment  one  group  of  2-day-old  chicks  was 
fed  on  a  commercial  “growing  mash”  to  which  0.3%  of  thiourea  had 
been  added.  Pooled  serum  of  4  of  the  experimental  birds  showed  a 
serum  cholesterol  level  of  330  mg.  per  cent  as  compared  to  the  serum 
cholesterol  level  of  182  mg.  per  cent  in  the  pooled  serum  of  4  untreated 
controls.  The  calcium  levels  were  10.6  mg.  per  cent  in  the  treated, 
11.2  mg.  per  cent  in  the  untreated  birds.  This  experiment  shows  a 
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Table  II.  Relation  of  serum  cholesterol  to  total  body  cholesterol 


Treatment 

No.  of  birds 

Serum  cholesterol 
mg.  per  cent 

Cholesterol  per  cent 
of  body  weight 

None 

6 

114+21 

.19+0.01 

Estradiol 

6 

267+48 

.19+0.01 

Thyroxin 

1 

74 

.21 

Estradiol  +  Thyroxin 

1 

66 

.21 

Thiourea 

1 

237 

.19 

complete  dissociation  between  the  levels  of  calcium  and  cholesterol 
in  birds  treated  with  antithyroid  drugs.  As  the  antithyroid  effect  of 
thiouracil  has  been  shown  to  be  greater  than  that  of  thiourea  (Ast- 
wood,  et  al.,  1944)  the  experiments  on  the  effect  of  antithyroid  drugs 
were  continued  with  thiouracil.  That  the  rise  in  serum  cholesterol  was 
due  to  the  antithyroid  drug  could  be  demonstrated  in  two  chickens 
receiving  both  thiouracil  and  thyroxin  (0.5  mg.  daily)  for  seven  days. 
Their  serum  cholesterol  was  found  to  be  97  and  80  mg.  per  cent  re¬ 
spectively.  In  most  of  the  experiments  on  antithyroid  drugs  not  only 
cholesterol  and  Ca,  but  also  the  various  P  fractions  were  determined 
in  the  serum.  They  are  therefore  discussed  later  and  listed  in  table  III. 

Relation  of  Serum  Cholesterol  to  Total  Body  Cholesterol 

From  the  data  listed  on  Table  II  it  is  clear  that  changes  in  the 
concentration  of  serum  cholesterol  do  not  parallel  changes  of  choles¬ 
terol  in  the  body.  The  average  serum  cholesterol  of  the  treated"*  birds 
was  267  +  48  mg.  per  cent;  that  of  the  untreated  controls  114  +  21  mg. 
per  cent.  The  average  cholesterol  content  of  the  exsanguinated  bodies 


Table  III.  Effect  of  antithyroid  drugs  on  blood  chemistry 


Drug 

Per  cent 
in 

mash 

Days 

on 

drug 

Age  at 
death 
days  j 

Choles¬ 
terol 
mg.  per 
cent 

Ca 

mg.  per  ' 
cent  1 

P  inor¬ 
ganic 
mg.  per 
cent 

P  pro-  1 
tein  1 
mg.  per, 
cent 

P  lipid 
mg.  per 
cent 

Thiourea 

0 

0 

14 

182 

11.0 

0.3 

12 

14 

330 

10.6 

Thiouracil 

0 

0 

13 

105 

10.5  1 

0.3 

11 

13 

266 

12.1  1 

• 

Thiouracil 

0 

0 

16 

145 

14.3 

■B 

6.1 

7.9 

0.2 

15 

16 

224 

12.6 

5.6 

9.6 

Thiouracil 

0 

0 

10 

140 

9.8 

7.5 

1.8 

8.7 

0.3 

9 

10 

238 

9.6 

6.8 

2.7 

9.0 

Thiouracil 

0 

0 

42 

153 

12.6 

7.2 

2.3 

13.7 

0.5 

20 

42 

296 

11.3 

3.6 

2.3 

14.3 

Thiouracil 

1  0.3 

1 

1 

330 

1  11.1 

■D 

0.3 

13.3 

^  In  this  group  of  experiments  estradiol  benzoate  (0.2  mg.  daily)  was  injected 
intramuscularly  for  from  3  to  14  days. 
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Treatment 

j 

No.  of 
experi¬ 
ments 

Choles¬ 
terol  mg. 
per  cent 

Ca 

mg. 

per 

cent 

P 

inorganic 

mg. 

per  cent 

P 

protein 

mg. 

per  cent 

P 

lipid 

mg. 

per  cent 

None 

4 

139 

11.9 

7.6 

3.2 

Estradiol 

2 

410 

30.4 

16.3 

49.1 

63.3 

Thyroxin 
Estradiol  -f- 

1 

80 

9.2 

8.8 

2.5 

2.4 

Thyroxin 

2 

115 

13.7 

7.5 

6.5 

Thiouracil 

4 

272 

11 .2 

1  5.7 

2.7 

11.3 

was  0.19  ±0.01  per  cent  of  body  weight  for  both  groups.  These  data, 
which  were  reported  in  a  preliminary  note  (Fleischmann  and  Fried, 
1944),  indicate  that  estradiol  influences  the  shift  of  cholesterol  from 
the  tissues  to  the  blood  plasma. 

P’rom  the  data  shown  on  table  II  it  is  clear  that  thyroxin  has  the 


Fig.  1.  Effect  of  estradiol  dipropionate,  estradiol  dipropionate  plus  thyroxin,  thy¬ 
roxin  and  thiouracil  on  cholesterol,  calcium,  inorganic  phosphorus  (shaded  area) 
protein  phosphorus  (white  area)  and  lipid  phosphorus  (black  area). 
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effect  of  lowering  serum  cholesterol  without  lowering  the  cholesterol 
content  of  the  body.  This  effect  is  especially  striking  in  the  case  of  the 
chick  which  w’as  treated  simultaneously  with  estradiol  dipropionate 
and  thyroxin  for  9  days.  In  fact,  this  chick  and  another  chick  treated 
with  thyroxin  alone  for  9  days  show  a  higher  content  of  cholesterol 
in  relation  to  body  weight  than  the  birds  not  treated  with  thyroxin. 
This  may  be  due  to  loss  of  body  fat  and  of  interstitial  fluids.  Fatty 
tissues  contain  only  very  small  amounts  of  cholesterol.  The  rise  in 
serum  cholesterol  in  a  chicken  treated  with  thiourea  through  15  days 
is  in  no  way  paralleled  by  a  rise  in  total  body  cholesterol.  This  is  in 
good  accordance  with  our  previous  findings  on  thyroidectomized  rab¬ 
bits  and  rats  (Ideischmann  and  Shumacker,  1942). 


Effect  of  Estradiol,  Thyroxin  and  Tfiiouracil  on  the  Various 
Phosphorus  Fractions  in  the  Serum 

Because  of  the  known  action  of  estrogen  in  producing  a  rise  not 
only  in  cholesterol  and  Ca  but  also  in  the  various  phosphorus  fractions 


Table  V.  Effect  of  estradiol  dipropionate  and  thyroxin  on 

SERUM  CHOLESTEROL  AND  WEIGHT  OF  OVIDUCT 


Estradiol  di- 
propionate  mg. 

Thyroxin 

mg. 

Cholesterol 
mg.  per  cent 

Oviduct 

mg. 

0 

0 

135 

20 

0 

0 

102 

24 

0 

0 

112 

25 

2 

0 

243 

68 

2 

2 

91 

72 

3 

0 

340 

150 

3 

3 

135 

230 

4 

0 

280 

300 

4 

4 

67 

400 

6 

0 

390 

1340 

6 

6 

155 

2040 

in  the  serum  it  seemed  advisable  to  include  them  in  our  studies.  Table 
IV  and  figure  1  summarize  all  experiments  in  which  the  serum  was 
analyzed  for  Ca,  cholesterol  and  the  three  P  fractions.  It  can  be  seen 
that  thyroxin  not  only  neutralizes  the  rise  in  cholesterol  and  Ca,  but 
also  the  rise  in  inorganic  P,  protein  P  (serum  vitellin)  and  lipid  P  due 
to  estradiol.  Thiouracil  only  affects  the  serum  cholesterol  (Table  III). 

Growth  of  the  Oviduct 

The  oviduct  of  the  immature  pullet  responds  with  a  great  increase 
of  weight  to  injections  of  estrogenic  substances  (Juhn  and  Gustavson, 
1930).  It  seemed  of  interest  to  study  the  effect  of  simultaneous  injec¬ 
tions  of  thyroxin  and  estradiol.  Immature  pullets  two  weeks  old  were 
used  in  this  experiment.  At  the  end  of  the  experiment  the  pullets 
were  exsanguinated  from  the  jugular  vein.  The  oviduct  w’as  removed 
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from  the  body  immediately  and  weighed.  The  results  are  listed  in 
table  V,  and  indicate  clearly  that  simultaneous  injection  of  thyroxin 
has  no  inhibiting  effect  on  the  growth  of  the  oviduct  due  to  estrogen. 
It  is  quite  possible  that  thyroxin  even  enhances  the  effect  of  estradiol 
although  our  data  are  insufficient  to  prove  this  statistically. 

As  expected,  thiourea  has  no  effect  on  the  growth  of  the  oviduct. 
The  oviducts  of  two  pullets  fed  through  two  weeks  of  mash  containing 
0.3%  of  thiourea  weighed  19  and  20  mg.  respectively. 

DISCUSSION 

When  estradiol  is  given  or  when  thyroid  deficiency  is  produced 
the  serum  cholesterol  rises.  In  both  conditions  the  administration  of 
thyroxin  prevents  the  rise  of  .serum  cholesterol.  The  changes  in  serum 
cholesterol  are  not  accompanied  by  changes  in  the  total  cholesterol 
content  of  the  body  and  therefore  are  not  due  to  changes  in  synthesis 
or  de.struction  of  cholesterol  but  alterations  in  the  distribution  be¬ 
tween  plasma  and  tissues.  Estradiol  causes  mobilization  of  cholesterol 
into  the  plasma  while  thyroxin  causes  the  cholesterol  to  be  retained 
in  the  tis.sues. 

The  study  of  Ca  and  ?  might  at  first  suggest  that  there  was  a 
.similar  mechanism.  Estradiol  causes  an  increase  in  both  Ca  and  phos¬ 
phorus.  The  ri.se  is  greater  in  the  phospho-protein  and  phospholipid 
fractions  than  in  the  inorganic  fraction.  The  increa.se  in  calcium  and 
in  all  the  phosphorus  fractions  is  prevented  by  the  .simultaneous  ad¬ 
ministration  of  thyroxin.  However,  a  study  of  the  effect  of  thiouracil 
shows  that  the  mechanism  of  this  antagonism  must  be  entirely  differ¬ 
ent  from  that  exerted  on  serum  cholesterol.  Whereas  thiouracil  cau.ses 
an  increase  in  the  .serum  cholesterol,  there  is  no  change  in  the  serum 
calcium  or  any  of  the  phosphorus  fractions.  It  .seems  probable  that 
estrogens  may  increase  the  synthe.sis  of  phospholipids  (Taurog  et  al., 
1944)  and  of  vitellin  and  that  thyroxin  may  either  inhibit  this  .synthe¬ 
sis  or  increase  the  oxidative  destruction  of  these  substances.  It  has 
been  noted  by  Flock  and  Bollman  (1942)  that  the  phospholipids  in  the 
circulating  blood  decrea.se  rapidly  when  the  administration  of  estro¬ 
gen  is  discontinued.  Since  they  can  neither  be  excreted  nor  stored  in 
quantity,  this  .suggests  that  they  are  rapidly  metabolized.  Further¬ 
more,  in  our  one  experiment  in  which  thyroxin  was  administered  the 
phospholipids  were  decreased  from  the  normal  level  of  10.7  to  2.4  mg. 
per  cent,  and  phospho-protein  from  3.2  to  2.5.  Ca  was  decreased  from 
11.9  to  9.2  mg.  per  cent.  This  decrea.se  of  serum  calcium  was  not  only 
found  in  this  one  experiment,  but  from  table  I  it  can  be  seen  that  the 
serum  calcium  level  w'as  lower  in  5  thyroxinized  chicks  as  compared 
to  the  untreated  controls.  This  difference  is  significant  statistically. 

The  parallelism  in  the  changes  of  calcium,  phospholipid  and  phos¬ 
pho-protein  (serum  vitellin)  is  striking.  On  the  other  hand,  changes 
in  serum  cholesterol  and  phospholipid  were  not  parallel.  Chargaff 
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(1942)  has  studied  the  formation  of  a  phosphatide  vitellin  complex, 
lipovitellin  in  egg-yolk.  Our  experiments  suggest  the  possibility  that 
under  the  influence  of  estrogen,  this  complex  may  exist  in  the  blood. 
These  compounds  may  also  be  of  importance  in  carrying  in  the  blood 
the  large  quantities  of  calcium  which  are  found  under  the  influence  of 
estrogen.  The  augmented  level  of  serum  calcium  during  ovulation  in 
the  hen  is  virtually  confined  to  the  non-difTusible  fraction  (Benjamin 
and  Hess,  1933;  Laskowski,  1933).  Greenberg,  et  al.  (1936)  have  .stud¬ 
ied  the  correlation  between  the  heightened  .serum  calcium  and  the 
phosphorus  fractions  in  the  laying  hen.  According  to  their  .studies  the 
increment  in  non-diffusible  calcium  in  the  laying  hen  can  be  only 
partly  accounted  for  by  the  formation  of  a  colloidal  form  of  tertiary 
calcium  phosphate.  The  calcium  combining  power  of  .serum  vitellin  is 
sufficiently  high  to  account  for  the  exce.ss  non-diffusible  calcium.  The 
work  of  Greenberg,  et  al.  (1936)  thus  indicates  a  connection  between 
Ca,  the  inorganic  P  and  the  protein  P.  As  mentioned  above,  we  sug¬ 
gest  that  the  phosphatides  are  also  connected  with  these  substances 
by  the  formation  of  a  lipoprotein.  According  to  this  concept,  Ca 
is  connected  partly  with  the  inorganic  or  acid  soluble  P  as  a  colloidal 
calcium  phosphate,  partly  with  the  .serum  vitellin  as  Ca  proteinate. 
Furthermore,  vitellin  may  be  linked  with  the  phospholipids  as  lipo¬ 
vitellin.  This  concept  makes  it  understandable  that  the  cholesterol 
level  can  be  dissociated  from  the  levels  of  Ca  and  of  total  P  by  the 
antithyroid  drugs  as  shown  on  table  III. 

It  seems  most  probable,  therefore,  that  the  action  of  thyroxin  in 
preventing  the  increased  serum  Ca  which  occurs  on  the  administration 
of  estrogen  is  an  indirect  one.  Estrogen  probably  caiuses  an  increased 
formation  of  phospholipids  and  phospho-protein.  These  compounds 
are  necessary  to  carry  the  high  amounts  of  calcium  found  in  the  .serum. 
The  administration  of  thyroxin  either  inhibits  the  formation  of  the 
organic  phosphorus  compounds  or  causes  their  destruction  and  there¬ 
by  prevents  the  augmentation  of  the  serum  calcium. 

The  dissociation  of  the  effect  of  estradiol  on  the  several  blood 
constituents  and  on  the  weight  of  the  oviduct  is  quite  .striking.  Enten- 
man,  et  al.  (1940)  cite  the  close  relation  between  oviduct  growth  and 
blood  lipid  level  in  immature  birds  as  evidence  for  the  estrogenic  na¬ 
ture  of  the  blood  lipid  response.  Our  data  indicate  that  the  growth 
of  the  oviduct  due  to  estrogen  is  in  no  way  dependent  on  the  charac¬ 
teristic  changes  in  blood  constituents.  In  animals  treated  simultane¬ 
ously  with  thyroxin  and  estradiol  the  growth  of  the  oviduct  takes 
place  without  any  concomitant  rise  of  serum  cholesterol,  Ca  and  the  P 
fractions.  This  finding  makes  it  improbable  that  the  thyroid  hormone 
is  the  physiological  antagonist  of  the  estrogenic  hormone  in  regard  to 
the  cyclic  changes  in  the  size  of  the  oviduct  of  laying  birds. 

It  should  be  of  great  interest  to  study  the  influence  of  thyroxin  on 
other  effects  of  estradiol  in  birds.  Besides  the  effect  on  blood  constitu- 
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ents  and  the  growth  of  the  oviduct  the  effect  of  estradiol  on  bones  and 
on  the  plumage  are  well  known.  Experiments  on  the  effects  of  simul¬ 
taneous  injections  of  estrogens  and  thyroxin  in  brown  Leghorn  capons 
are  in  progress  and  will  be  reported  later. 

ADDENDUM 

After  this  manuscript  was  completed,  the  authors  had  the  privi¬ 
lege  of  seeing  a  manuscript  (to  be  submitted  to  J.  Biol.  Chem.)  by 
Margaret  R.  AlacDonald  and  Oscar  Riddle.  These  workers  have 
studied  changes  in  the  partition  of  the  various  calcium,  phosphorus  and 
nitrogen  components  in  female  pigeons  during  the  reproductive  cycle 
and  in  male  and  female  immature  and  mature  pigeons  injected  with 
estrogens.  During  reproduction  and  following  administration  of  estro¬ 
gen  a  great  increase  was  found  in  nonultrafiltrable  calcium,  nonultra- 
filtrable-inorganic  phosphorus,  lipid  phosphorus  and  protein  phos¬ 
phorus.  The  increments  in  both  colloidal  calcium  phosphate  and 
vitellinbound  calcium  account  for  the  increased  nonultrafiltrable 
serum  calcium  found  during  reproduction  and  after  estrogen  injection. 

SUMMARY 

Injection  of  estradiol  dipropionate  into  immature  chicks  results  in 
large  increases  in  serum  calcium,  cholesterol,  inorganic  phosphorus, 
lipid  phosphorus  and  protein  phosphorus  (serum  vitellin).  WTien 
thyroxin  and  estradiol  dipropionate  are  injected  simultaneously  no 
increase  in  these  blood  constituents  results.  Simultaneous  injection 
of  thyroxin  has  no  inhibiting  effect,  however,  on  the  growth  of  the 
oviduct  in  immature  female  chicks  due  to  estradiol  dipropionate.  Ad¬ 
ministration  of  the  antithyroid  drug,  thiouracil,  only  produces  a  rise 
in  serum  cholesterol  without  affecting  the  other  serum  constituents 
mentioned  above.  The  changes  in  serum  cholesterol  due  to  adminis¬ 
tration  of  estradiol  dipropionate  or  thiourea  are  not  accompanied  by 
changes  in  the  total  cholesterol  content  of  the  body  and  therefore  are 
not  due  to  changes  in  synthesis  or  destruction  of  cholesterol,  but  to 
alterations  in  the  distribution  of  cholesterol  between  plasma  and  tis¬ 
sues.  However,  it  seems  probable  from  the  data  presented  that  the  es¬ 
trogen-induced  increase  in  serum  calcium  is  due  to  the  formation  of 
the  organic  phosphorus  compounds  necessary  to  bind  the  calcium. 
Thyroxin  prevents  this  rise  probably  by  inhibiting  the  formation  of, 
or  causing  the  destruction  of  these  compounds. 
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EFFECT  OF  ANDROGEN  ON  THE  PROSTATE 
IN  STARVATION 


RICAIUX)  PAZOS,  Jr.,  and  CHARLES  HUGGINS 
From  the  Department  of  Surgery,  The  University  of  Chicago 
CHICAGO  37,  ILLINOIS 

It  will  be  demonstrated  in  this  paper  that  inanition  leads  to  a 
rapid  cessation  of  prostatie  function  and  that  androgen  administra¬ 
tion  promotes  vigorous  growth  and  secretion  of  the  prostate  in  the 
total  absence  of  exogenous  food;  androgen  confers  on  certain  tissues 
in  starvation  the  ability  to  use  break-down  products  of  the  body  and 
establishes  selective  growth  with  secretion  occurring  at  a  rate  which 
is  greater  than  normal.  The  use  of  quantitative  methods  of  study  of 
prostatic  secretion  permits  estimation  of  the  rate  at  which  these 
changes  occur. 

The  effect  of  inanition  on  the  male  genital  complex  has  not  been 
studied  extensively.  Adequate  studies  have  been  made  only  in  con¬ 
nection  with  partial  restriction  of  food. 

Moore  and  Samuels  (1931)  found  in  rats  that  partial  starvation 
induced  by  diets  deficient  in  Vitamin  B  or  diets  insufficient  in  calories 
but  rich  in  this  vitamin  resulted  in  prostatic  atrophy,  although  the 
testes  were  histologically  normal;  injections  of  testicular  extracts 
caused  regeneration  of  the  prostate.  The  prostatic  atrophy  was  due  to 
a  primary  lack  of  gonadotrophic  secretion  since  injection  of  pituitary 
extracts  resulted  in  a  histologically  normal  prostate.  Mulinosand 
Pomerantz  (1941)  found  that  withholding  food  and  water  from  rats 
for  7  days  caused  a  slight  reduction  of  the  weight  of  the  prostate.  They 
studied  partial  starvation  extensively  with  diets  qualitatively  ade¬ 
quate  but  reduced  to  about  one  half  of  the  amount  required  for 
growth;  in  these  experiments  atrophy  of  the  prostate  occurred  as  a  re¬ 
sult  of  deficient  production  of  androgen  .since  chorionic  gonadotrophin 
or  testosterone  administration  caused  a  prompt  and  marked  increase 
in  weight  of  the  prostate.  The  present  experiments  were  conducted  un¬ 
der  more  rigorous  conditions  in  that  all  food  was  withheld  and  the  ex¬ 
perimental  data  are  quantitative;  complete  absence  of  alimentation 
was  essential  in  order  to  eliminate  a  possible  shunt  of  inadequate 
exogenous  food  to  specifically  receptive  tissues. 

Received  for  publication  April  23,  1945. 
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EXPERIMENTAL 

Under  ether  anesthesia  in  dogs  the  prostate  was  isolated  (Huggins, 
Masina,  Eichelberger  and  Wharton  1939)  from  the  bladder  and  a  ventral 
slit  of  the  prepuce  was  made.  After  1  week  prostatic  fluid  was  collected  from 
the  urethra  for  1  hour  following  intramuscular  injection  of  pilocarpine-hydro¬ 
chloride,  6  mg.  dissolved  in  0.15  molar  sodium  chloride  solution;  these  col¬ 
lections  were  made  3  times  weekly.  After  a  period  of  testing  under  conditions 
of  normal  feeding,  food  was  completely  withheld  for  18  to  21  days;  the  dogs 
had  access  to  water  and  0.15  M  sodium  chloride  solution  for  drinking  at  all 
times.  The  dosage  of  pilocarpine  was  reduced  in  parallel  with  the  loss  of  body 
weight  during  inanition.  In  2  dogs  pregnant  mare  serum  gonadotrophin,^  40 
R.tJ.  daily,  was  administered  beginning  7  and  16  days  after  starvation  had 
been  initiated.  In  3  dogs  castration  was  done  and  testosterone  propionate, 

2  to  5  mg.  daily,  dissolved  in  oil  of  sesame  was  injected  thereafter. 

As  a  control  procedure  for  the  prostatic  secretion,  in  3  dogs  a  salivary 
fistula  of  the  submaxillary  gland  was  prepared  and  saliva  collected  concom¬ 
itantly  with  prostatic  fluid.  A  glass  thistle-tube  inserted  in  a  rubber  stopper 
delivered  the  saliva  to  an  Erlenmeyer  flask  which  was  held  in  position  with 
strings  around  the  head. 

The  volume  of  prostatic  fluid  secreted  was  recorded  and  the  fluid  centri¬ 
fuged.  The  following  determinations  were  made  on  the  supernatant  fluid; 
solids  by  drying  at  105°  C.  to  constant  weight;  chloride  by  the  method  of 
Wilson  and  Ball  (1928) ;  phosphata.se  by  that  of  King  and  Armstrong  (1934). 
Proteins  were  determined  gravimetrically  after  precipitation  in  acetone. 
Fibrinogenase  (Huggins  and  Neal,  1942)  activity  was  measured  by  adding 
0.5  cc.  of  prostatic  fluid  to  4.5  cc.  of  citrated  human  plasma  in  a  water  bath 
at  37°  C.  At  4  minute  intervals  0.5  cc.  amounts  were  removed  to  which  a 
a  small  drop  of  a  thrombin  solution  was  added  until  the  plasma  failed  to  clot. 

The  size  of  the  prostate  of  2  male  immature  dogs  from  a  litter  3  months 
of  age  was  determined;  under  ether  anesthesia,  the  abdomen  was  opened 
and  the  prostate  measiired  and  photographed.  A  litter-mate  was  sacrificed 
at  this  time  for  chemical  and  histologic  studies.  The  testes  of  the  experimen¬ 
tal  puppies  were  removed  and  the  incisions  closed.  Two  weeks  after  cas¬ 
tration,  starvation  and  concomitantly  daily  injections  of  testosterone  pro¬ 
pionate,  5  mg.  in  oil,  were  begun  and  carried  out  for  3  weeks.  The  animals 
were  killed  by  an  electric  current.  At  autopsy  the  measurements  were  re¬ 
peated,  the  acid  pho.sphatase  content  of  the  prostate  glands  determined  and 
a  section  of  the  gland  was  removed  for  cytologic  study. 

RESULTS 

During  starvation  the  dogs  lost  21.6  to  33  per  cent  of  the  body 
\veight;  the  condition  of  the  animals  otherwise  remained  excellent. 

Prostatic  secretion  in  intact  dogs.  Three  normal  dogs,  with  secretion 
of  prostatic  fluid  at  levels  of  4  to  15  cc.  per  hour  after  pilocarpine,  were 
starved  for  periods  of  18  to  21  days.  In  each  case  prostatic  secretion 
was  abolished  at  7,  9  and  16  days  (Fig.  1).  The  secretion  in  dog  5-83 

*  We  are  indebted  to  Dr,  M.  H,  KuizenKa  of  the  Upjohn  Company  for  a  supply  of 
this  equine  gonadotrophin  supplied  under  the  tradername  Gonadogen  and  to  Dr. 
Erwin  Sehwenk  of  Scheriqg  Corporation  for  testosterone  propionate, 


L. 


r 


418 


PAZOS  AND  HUGGINS 


Volume  36 


was  10  cc.  in  1  hour  and  was  maintained  at  this  level  for  11  days,  but 
then  fell  rapidly  to  0.4  cc.  at  16  days. 

Prostatic  secretion  in  dogs  injected  with  gonadotrophin.  In  2  dogs 
which  had  been  starved  with  resulting  cessation  of  secretion,  equine 
gonadotrophin,  40  rat  units  daily,  was  injected.  In  both  dogs  secretion 
of  the  prostate  was  restored  (Fig.  2).  In  dog  5-83  the  injections  were 
begun  on  the  16th  day  of  inanition  when  the  excretion  of  prostatic 
fluid  was  0.4  cc.;  6  days  later  the  output  in  1  hour  was  4.8  cc. 


Fig.  1.  Decrease  in  excretion  of  prostatic  fluid  in  starvation  in  the  normal  dog 
(No.  3-33).  Ordinates,  output  of  prostatic  fluid  in  cc.  for  1  hour  following  pilocarpine 
stimulation.  Abscissae,  time  in  days. 


The  effect  of  androgen  on  prostatic  secretion.  In  3  castrate  dogs, 
testosterone  propionate,  in  1  dog  2  mg.  and  in  the  others  5  mg.  daily, 
was  injected;  after  a  period  of  control  values  had  been  obtained  the 
animals  were  starved  for  18  to  21  days.  The  dogs  were  then  full  fed  for 
1  month  and  again  starved;  5  periods  of  inanition  were  studied  in  these 
animals. 

The  results  were  identical  in  each  case.  Starvation  was  accompa¬ 
nied  by  a  greatly  augmented  secretion  which  decreased  to  a  lower  level 
after  feeding  (Fig.  3). 
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Fig.  2.  Increase  of  prostatic  secretion  during  starvation  in  an  intact  dog  (No.  3-99) 
following  equine  gonadotrophin,  40  r.u.  daily.  Ordinates,  weight  in  kg.  and  prostatic 
output  in  cc.  for  1  hour  following  pilocarpine.  Abscissae,  time  in  days. 
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Fig.  3.  Increased  secretion  of  prostatic  fluid  during  starvation  in  a  castrate  dog 
(No.  8-67)  receiving  androgen.  Ordinates,  body  weight  in  kg.  and  prostatic  fluid 
secreted  in  1  hour  following  pilocarpine  injection.  Abscissae,  time  in  days. 
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In  2  dogs  with  a  salivary  fistula,  both  saliva  and  prostatic  fluid 
were  collected.  In  each  case  the  salivary  output  (Fig.  4)  decreased  dur¬ 
ing  inanition.  In  dog  8-67  the  average  .saliv'ary  secretion  during  peri¬ 
ods  of  feeding  was  50  cc.  and  during  starvation  35  cc.  per  hour.  The 
saliva  of  dog  8-68  on  a  normal  diet  was  42  to  60  cc.  per  hour  and  during 
inanition  it  ranged  between  15  to  40  cc. 


O  10  20  90  40 
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Fig.  4.  Increased  prostatic  secretion  and  decreased  saliva  during  periods  of  1  hour 
following  pilocarpine  in  a  castrate  dog  (No.  8-67)  injected  with  androgen.  Ordinates, 
on  the  left  saliva  in  cc.  and  weight  in  kg.;  on  the  right,  prostatic  fluid  in  cc.  Abscissae, 
time  in  days. 


Chemistry  of  the  prostatic  Jltiid  and  of  the  prostate  during  starvation. 
No  significant  variations  could  be  detected  in  the  chemical  com¬ 
ponents  tested  in  prostatic  fluid  from  dogs  fed  or  starved  and  injected 
with  androgen.  The  following  values  were  obtained  in  both  states  per 
100  cc. 

Solids:  1.07-1.9  grams 

Chloride:  142-160  milli-equivalents  (per  liter) 

Protein:  0.52-1.16  grams 
.\cid  phosphatase:  23-113  units 

The  time  at  which  prostatic  fluid  0.5  cc.  inactivated  fibrinogen  in 
4.5  cc.  of  human  plasma  was  7  to  18  minutes  both  in  feeding  and  starv¬ 
ing  periods. 

The  prostate  gland  of  adult  dogs  after  starvation  for  3  weeks  was 
soft,  pale  and  atrophic.  In  starving  dogs  injected  with  androgen  the 
blood  vessels  of  the  prostate  were  dilated  so  that  the  gland  had  a  red 
color  in  the  gro.ss;  the  gland  was  firm  and  histologic  sections  revealed 
a  tall  secretory  epithelium  with  lipid  in  the  cells  and  secretion. 
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Growth  of  the  prostate  during  starvation.  In  castrate  immature  pups 
starved  for  8  weeks  androgen  caused  marked  growth  of  the  prostate 
(Fig.  5)  with  cellular  differentiation  and  the  development  of  mature 
prostatic  epithelium  (Figs,  (i,  7).  The  weight  increased  800%  and 
468%  above  the  weight  of  the  prostate  in  the  litter  mate  control  (Ta¬ 
ble  I).  The  acid  phosphatase  activity  increased  from  8  to  11  fold  per 


Fig.  5.  IMiotographs  of  the  prostate  before  and  after  starvation  and  androgen  in 
dog  4-19.  Testosterone  propionate  5  mg.  daily  for  21  days  while  starving.  The  scale  is 
in  0.5  centimeter. 

gram  of  prostatic  tissue  and  roughly  50-fold  in  the  concentration  per 
whole  gland  as  compared  to  the  control  values  (Table  I).  The  concen¬ 
tration  of  alkaline  phosphatase  per  gram  decreased  during  growth  of 
the  gland. 

The  growth  stimulation  of  androgen  is  not  confined  to  the  pros¬ 
tate;  in  these  pups  marked  growth  of  the  penis  was  observed  with 
penile  erections  on  the  fourteenth  and  .subsequent  days  of  .starvation- 
androgenic  treatment. 
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Fig.  6.  Photomicrograph  of  prostate  of  an  immature  dog  (No.  4-20)  ( X120).  This  dog 
was  a  litter  mate  of  dog  4-19;  see  Figures  5  and  7. 


DISCUSSION 

The  depression  of  prostatie  secretion  during  starvation  clearly  is 
due  to  androgenic  deficiency  resulting  from  a  failure  of  gonadotroph¬ 
ins  since  secretory  activity  can  be  restored  by  either  injection  of  tes¬ 
tosterone  or  equine  gonadotrophin.  The  pituitary  failure  as  judged  by 


T.\BLE  I.  ProST.\TE  phosphatase  values  after  STARVATION- 
ANDROGEN'  INJECTION  IN  PUPPIES 


Num¬ 

ber 

State 

Weight  of 
prostate, 
grams 

Acid  Phosphatase* 
units  per  units  per 

1  gm.  1  gland 

Alkaline  Phosphatase* 
units  per  units  per 

1  gm.  gland 

I..OSS  of 
body 
weight . 
per  cent 

Testoster¬ 
one  pro¬ 
pionate, 
mg,  per 
day 

4-18 

castrate 

.3.6.t 

7 

25.41 

0.25 

0.93 

27.6 

5  m(r. 

4-19 

castrate 

4.35 

5.4 

23 .  .50 

0  35 

1..57 

30 

5  mu. 

4-20 

intart  control, 

not  starved 

0.93 

0.64 

0.52 

0.46 

0.37 

— 

none 

^  The  units  are  those  of  King  and  ArmstroiiK  ( U>34). 
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a  significant  drop  of  prostatic  secretion  occurred  between  the  fourth 
and  twelfth  day  of  starvation;  the  testis  retained  its  capacity  to  form 
androgen  throughout  the  entire  period  of  starvation,  that  is  for  at 
least  3  weeks.  Mason  and  Wolfe  (1930)  discovered  that  the  hypophy¬ 
ses  of  male  rats  subjected  to  chronic  inanition  showed  a  significant 
decrease  of  gonadotrophic  activity. 


Fig.  7.  Photomicrograph  of  prostate  of  a  castrate  immature  dog  (Xo.  4-19)  injected 
for  21  days  with  testosterone  propionate,  5  mg.  daily  during  starvation  (  X 120). 

One  of  the  physiological  functions  of  androgen  is  to  act  as  a  selec¬ 
tive  growth  hormone  for  specifically  reactive  tis.sues  in  various  areas 
of  the  body.  There  is  a  similarity  in  inanition  between  the  selective 
growth  of  the  prostate  and  that  of  neoplasms.  It  is  a  common  clinical 
experience  that  human  tumors  continue  activity  and  growth  in  poor 
nutritional  states.  Starvation  does  not  cure  cancer. 

In  malnutritional  states  many  tumors  of  experimental  animals 
grow  vigorously  while  in  others  the  rate  of  growth  is  retarded.  Rous 
(1914)  found  that  the  Flexner-.Iobling  carcinoma  of  the  rat  was  un- 
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affected  by  drastic  underfeeding  while  the  growth  of  other  trans¬ 
plantable  tumors  was  retarded.  Bischoff  and  colleagues  (BKlo)  ob¬ 
served  retardation  of  growth  by  nutritional  deficiency  in  a  transplant¬ 
able  sarcoma  in  the  mouse.  Tannenbaum  (1040)  found  that  under¬ 
feeding  of  mice  reduced  the  incidence  of  spontaneous  tumors  and  also 
the  tumors  following  the  application  of  benzpyrene.  Michtchenko 
( 1030)  was  able  to  inoculate  successfully  in  the  starving  state  3  trans- 
plantal)le  sarcomas  in  the  rat  and  the  Rous  sarcoma  of  fowls  and  ob¬ 
served  that  these  tumors  grew  rapidly  following  the  cessation  of  ali¬ 
mentary  nutrition. 

Evidently  many  tumors  may  be  inoculated  and  will  grow  well  in 
inanition  when  other  tissues  of  the  body  are  wasting:  the  mechanism 
for  this  selective  growth  is  unknown.  In  starving  dogs  a  specific 
chemical  agent,  androgen,  confers  on  the  prostate  a  similar  nutri¬ 
tional  advantage  which  enables  this  gland  to  grow,  utilizing  therein 
break-down  products  of  other  body  tissues.  This  preferential  nutri¬ 
tional  position  is  without  purpose  as  a  defense  against  the  tissue-wast¬ 
ing  which  is  endangering  life  in  the  host  and  in  this  respect  it  has  the 
quality  of  neoplasms. 

Little  is  known  of  the  mechanism  whereby  androgen  promotes 
areal  tissue  growth.  Androgens  take  part  in  the  regulation  of  the  oxi¬ 
dative  phase  of  carbohydrate  metabolism  of  prostatic  tissue  (Barron 
and  Huggins,  1944)  since  this  mechanism  is  decreased  after  castration 
or  estrogen  administration. 

'  During  starvation  the  prostatic  secretion  occurs  at  a  higher  rate 
than  during  periods  of  full  feeding:  moreover  the  secretion  chemically 
cannot  be  distinguished  from  normal  prostatic  fluid.  The  reason  for 
higher  secretion  of  normal  fluid  is  not  clear  but  it  may  well  be  related 
to  increased  vasodilation  of  the  prostatic  blood  vessels:  at  necropsy 
in  androgen-treated  starving  dogs  the  prostate  was  red  from  mark¬ 
edly  distended  capillarie.s — a  condition  never  previously  observed  by 
us  in  the  prostate. 

Pilocarpine  is  a  stimulant  for  salivary  secretion  by  the  submaxil¬ 
lary  gland:  the  decreased  output  of  saliva  is  in  agreement  with  the 
previous  observations  of  Kleitman  (1927)  and  indicates  that  increased 
secretion  of  glands  stimulated  by  parasympathetic  drugs  is  not  a 
function  of  starvation. 


SUMMARY 

In  dogs  complete  deprivation  of  food  causes  cessation  of  prostatic 
fluid  due  to  androgen  deficiency  consequent  on  decreased  gonadotro¬ 
phin  production,  since  prostatic  secretion  is  restored  by  injection  of 
testosterone  propionate  or  in  intact  animals  by  equine  gonadotrophin. 
The  gonadotrophic  inadequacy  was  evident  on  the  fourth  to  the 
eleventh  day  of  .starvation;  the  testis  remained  capable  of  androgen 
production  at  least  for  21  days. 


June,  1945 


axdroc.p:n  activity  in  starvation 


425 


During  starvation  in  dogs  injected  with  androgen  the  prostatic 
fluid  has  the  same  composition  as  in  full  fed  dogs  but  the  quantity  is 
greatly  increased;  this  is  related  to  increased  vasodilation  in  the 
prostate.  The  hypersecretion  decreases  to  a  lower  level  when  the  dogs 
are  refed.  Salivary  secretion  is  decreased  by  inanition. 

During  starvation  the  prostate  grows  in  immature  castrate  dogs 
injected  w'ith  androgen,  about  fourfold  in  3  weeks;  the  concentration 
of  acid  phosphatase  is  increased  approximately  8  to  11  fold  per  gram, 
but  the  alkaline  phosphatase  concentration  is  relatively  decreased. 

.\ndrogen  confers  on  the  sexual  apparatus  of  the  starving  male  a 
nutritional  advantage  whereby  these  organs  grow,  utilizing  the  prod¬ 
ucts  of  general  tissue  break-down;  the  situation  is  similar  to  the  food 
priority  of  unknown  caiuse  occurring  in  neoplasms. 
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THE  EFFECT  OF  PRETREATMEXT  OX  THE  RELATIVE 
POTEXCY  OF  11-DESOXYCORTICOSTEROXE  ACE¬ 
TATE  AXD  17-HYDROXY-ll-DEHYDROCORTI- 
COSTEROXE  IX  THE  MUSCLE-WORK  TEST 

DWIGHT  J.  INGLE,  MARVIN  L.  PABST 
AND  MARVIN  H.  KUIZENGA 
From  the  Research  Laboratories, 

The  Upjohn  Company 

KALAMAZOO,  MICHIGAN 

It  HAS  BEEN  reported  by  Ingle  (1940a,  1940b)  that  11-desoxy corti¬ 
costerone  and  its  acetate  were  less  actKe  than  the  C-ll-oxygenated 
adrenal  cortical  steroids  in  sustaining  the  ability  of  the  adrenalecto- 
mized  rat  to  work.  According  to  Vogtli  (1943a,  1943b)  the  apparent 
ineffectiveness  of  11-desoxycorticosterone  was  due  solely  to  its  slow 
absorption  and  animals  treated  for  several  days  prior  to  the  beginning 
of  the  work  test  performed  as  much  w’ork  as  did  normal  animals. 
Vogtli  omitted  consideration  of  the  results  of  Ingle  (1940b)  who  com¬ 
pared  the  work  performance  of  adrenalectomized  rats  treated  post- 
operatively  for  one  week  with  11-desoxycorticosterone  and  its  acetate 
with  the  effects  of  17-hydroxy-ll-dehydrocorticosterone  and  its  ace¬ 
tate  and  found  that  under  these  conditions  also  the  C-ll-oxygenated 
compounds  were  much  more  potent  than  the  11-desoxy  compounds. 

Vogtli  (1943a)  has  indicated  that  the  preoperative  treatment  of 
rats  for  several  days  with  11-desoxycorticosterone  acetate  was  like¬ 
wise  effective  in  sustaining  normal  work  performance.  In  the  present 
study  rats  w’ere  treated  wdth  11-desoxycorticosterone  acetate  and 
with  17-hydroxy  corticosterone  for  seven  days  prior  to  operation 
(adrenalectomy-nephrectomy)  and  the  beginning  of  the  work  test. 
Similar  animals  received  only  postoperative  treatment  with  these 
compounds.  Either  with  or  without  preoperative  treatment,  11- 
desoxycorticosterone  acetate  proved  to  be  much  less  effective  than 
17-hydroxycorticosterone  in  sustaining  work. 

METHODS 

Male  rats  of  the  Sprague-Dawley  strain  which  had  initial  w’eights  of  150 
to  165  grams  w'ere  maintained  on  a  diet  of  Purina  dog  chow.  During  the  seven 
days  prior  to  operation  some  of  the  animals  received  daily  injections  of  the 
hormones  in  sesame  oil  and  the  remaining  animals  w'ere  untreated  until  the 
time  of  operation.  The  animals  w'ere  adrenalectomized  and  nephrectomized 
in  a  single  stage  operation.  Stimulation  of  the  gastrocnemius  muscle  w’as  be- 
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gun  immediately  following  operation  and  was  continued  until  muscular 
responsiveness  was  lost.  The  details  of  the  apparatus  and  methods  (Ingle 
1944)  of  the  muscle-work  test  have  been  described.  Postoperatively,  all  of 
the  treated  animals  received  injections  of  hormone  at  the  beginning  of  work, 
and  six,  twenty-four  and  thirty  hours  later  for  those  animals  which  survived 
these  periods. 

EXPERIMENTS  AND  RESULTS 

In  Experiment  1,  five  nephrectomized  and  twenty-five  adrenalec- 
tomized-nephrectomized  animals  were  subjected  to  the  work  test.  Of 
the  latter,  five  were  untreated  and  groups  of  five  were  pretreated  for 
seven  days  with  0.5,  1.0,  2.0  and  5.0  mg.  of  11-desoxycorticosterone 
acetate  per  day. 

In  Experiment  2,  twenty  adrenalectomized-nephrectomized  rats 
were  divided  into  groups  of  five  each.  The  first  group  received  only 
postoperative  treatment  wdth  0.5  mg.  per  day  of  11-desoxycorticoster¬ 
one  acetate;  the  second  group  received  both  preoperative  and  post¬ 
operative  treatment  with  0.5  mg.  per  day  of  the  same  compound;  the 
third  group  received  only  postoperative  treatment  with  0.5  mg.  per 
day  of  17-hydroxycorticosterone;  and  the  fourth  group  received  both 
preoperative  and  postoperative  treatment  with  0.5  mg.  per  day  of 
17-hydroxycorticosterone.  The  animals  among  the  groups  were  care¬ 
fully  matched  and  one  animal  from  each  group  was  represented  on 
each  day  that  a  test  was  conducted. 

Body-Weight.  The  administration  of  17-hydroxycorticosterone  but 
not  of  11-desoxycorticosterone  acetate  modified  the  gains  in  body 
weight  during  one  week  of  treatment.  In  Experiment  2,  the  two  groups 
of  rats  which  did  not  receive  preoperative  treatment  gained  an  aver¬ 
age  of  35.2  and  37.2  grams  respectively,  the  group  pretreated  with 
11-desoxycorticosterone  acetate  gained  an  average  of  38.0  grams  and 
the  group  pretreated  with  17-hydroxycorticosterone  gained  an  aver¬ 
age  of  18.2  grams  with  a  range  of  gains  which  was  below  that  of  any 
other  experimental  group. 

Duration  of  Work.  The  animals  which  were  nephrectomized  only, 
worked  for  periods  of  tw^enty-seven  to  thirty-seven  hours;  all  un¬ 
treated  adrenalectomized-nephrectomized  animals  worked  less  than 
tw'elve  hours;  among  the  animals  treated  with  11-desoxycorticosterone 
acetate  to  and  including  2.0  mg.  daily  only  one  animal  w’orked  for 
more  than  twelve  hours;  four  of  the  five  rats  which  w’ere  pretreated 
with  5.0  mg.  per  day  w’orked  for  longer  than  twelve  hours  but  less 
than  twenty-four;  and  finally,  the  animals  which  w^ere  treated  with 
17-hydroxycorticosterone  w'orked  from  twenty-three  to  thirty-four 
hours. 

Work  Performance.  The  data  on  total  amounts  of  work  are  sum¬ 
marized  in  Figure  I.  The  animals  which  were  treated  with  11- 
desoxycorticosterone  acetate,  especially  those  which  wrere  pretreated 
with  5.0  mg.  per  day,  tended  to  work  more  than  untreated  animals. 
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The  performance  of  the  animals  which  were  treated  with  0.5  mg.  per 
day  of  17-hydroxycorticosterone  was  clearly  improved  over  that  of 
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Fig.  1.  The  work  performance  of  adrenaleetomized-nephrectomized  rats. 


all  of  the  groups  which  were  treated  with  11-desoxycorticosterone 
acetate  but  it  remained  inferior  to  that  of  the  nephrectomized  animals 
in  which  the  adrenal  glands  remained  intact. 
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DISCUSSION 

The  results  of  this  study  are  consistent  with  the  conclusions  of 
Ingle  (1940a,  1940b)  that  ll-desoxycorticosterone  acteate  is  only 
weakly  active  in  sustaining  the  ability  of  adrenalectomized  rats  to 
work  and  that  the  C-ll-oxygenated  adrenal  cortical  steroids  are  more 
potent. 

According  to  Ingle  and  Kuizenga  (1945)  the  contrary  results  of 
Vogtli  (1943a,  1943b)  were  probably  related  to  his  failure  to  apply  an 
effective  form  of  stimulation  for  a  period  sufficiently  long  to  test  the 
endurance  of  the  experimental  animals.  Vogtli  has  also  claimed  that 
rats  subjected  to  control  operations  showed  the  same  degree  of  failure 
in  ability  to  work  as  adrenalectomized  animals  thereby  indicating  that 
operative  shock  rather  than  adrenal  cortical  insufficiency  was  the 
cause  of  the  lowered  ability  to  work.  The  fact  that  administration  of 
cortical  extract  or  of  the  C-ll-oxygenated  steroids  sustains  the  ability 
of  the  adrenalectomized  rat  to  work  when  tested  immediately  after 
operation  is  regarded  by  us  as  proof  that  failure  to  work  in  the 
adrenalectomized  animal  is  due  to  insufficiency  of  hormones.  Vogtli 
has  denied  the  validity  of  this  argument  and  has  claimed  that  the 
positive  effect  of  the  cortical  hormones  is  due  to  an  anti-shock  prop¬ 
erty  of  these  hormones.  The  development  of  operative  shock  as  the 
result  of  acceptable  control  operations  has  never  been  observed  by  us. 
In  the  present  study  and  in  all  other  studies  on  the  work  performance 
of  adrenalectomized  animals  we  have  observed  that  removal  of  or 
damage  to  the  adrenal  glands  rather  than  trauma  was  essential  for 
the  early  loss  of  muscular  responsiveness.  Vogtli  (1943a)  has  stated 
that  his  control  operation  consisted  in  the  extirpation  of  the  perirenal 
fat.  In  the  absence  of  a  more  complete  description  of  the  operation  it 
is  impossible  to  evaluate  the  possibility  that  the  vascular  supply  to 
the  adrenals  was  damaged  by  this  procedure.  It  is  well  known  to  us 
that  extensive  dissection  of  fat  from  the  adrenals  and  the  pedicles  of 
the  glands  interferes  with  the  circulation  so  that  a  temporary  state  of 
adrenal  cortical  insufficiency  ensues. 

In  1933  an  extensive  unpublished  experiment  was  carried  out  by 
one  of  us  (D.J.I.)  which  may  now  deserve  a  brief  description.  It  was 
intended  to  meet  the  criticism  that  it  was  impossible  to  be  certain  that 
any  control  operation  would  exactly  match  the  trauma  of  adrenalec¬ 
tomy.  Closely  matched  female  rats  were  used.  In  a  first  stage  opera¬ 
tion  autogeneous  adrenal  transplants  were  made  to  the  spleen  in  one- 
half  of  the  animals  and  to  the  surface  of  the  ovaries  in  the  remaining 
half.  After  a  period  of  four  weeks  which  was  sufficient  to  permit  re¬ 
generation  of  the  transplanted  cortices  the  ovaries  were  removed  and 
all  of  the  animals  were  immediately  subjected  to  the  work  test.  All  of 
the  animals  which  lost  their  adrenal  glands  by  ovariectomy  showed 
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the  same  rapid  loss  of  ability  to  work  as  did  animals  which  were  sub¬ 
jected  to  ordinary  adrenalectomy  and  all  of  the  animals  in  which  the 
spleen  was  the  host  organ  to  the  transplants  continued  to  work 
normally  following  the  identical  operation  of  ovariectomy, 

SUMMARY 

This  study  was  carried  out  to  test  the  assertion  that  the  work  per¬ 
formance  of  adrenalectomized  rats  can  be  sustained  at  normal  levels 
in  animals  which  are  pretreated  with  11-desoxycorticosterone  acetate 
for  several  days  prior  to  adrenalectomy.  In  the  study  of  the  work  per¬ 
formance  of  adrenalectomized-nephrectomized  rats  it  was  shown  that 
either  with  or  without  a  seven  day  period  of  preoperative  treatment, 
11-desoxycorticosterone  acetate  was  much  less  effective  than  17-hy¬ 
droxy  cort  icosterone . 
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Diseases  of  the  Thyroid  Gland.  By  Arthur  E.  Hertzler,  M.D.,  Surgeon 

to  the  Halstead  Hospital,  Professor  of  Surgery  in  the  University  of 

Kansas.  xv4-670  pp.  495  illustrations.  Paul  B.  Hoeber,  Inc.,  New  York 

and  London.  1942. 

The  present  volume  is  written  from  the  author’s  large  surgical  and 
pathological  experience  with  patients  having  disorders  of  the  thyroid  gland. 
Sections  are  devoted  to  the  normal  morphology  of  the  thyroid  gland  and  its 
general  pathology.  The  various  manifestations  of  thyroid  gland  disorders 
in  childhood,  non-toxic  and  toxic  nodular  goiters,  and  diffuse  toxic  goiter  are 
treated  in  regard  to  pathogenesis,  pathology,  clinical  manifestations,  and 
treatment.  In  addition  accounts  of  the  inflammatory  states  of  the  thyroid 
gland,  myxedema,  thyroidal  neoplasms,  and  aberrant  goiters  are  given.  A 
special  chapter  is  devoted  to  the  important  relationship  between  toxic  goiter 
and  heart  disease  under  the  designation  “cardiotoxic  goiter.”  The  hospital 
management  of  goiter  patients,  including  pre-  and  post-operative  care,  the 
complications  of  surgery,  and  the  after-course  of  the  patients  are  treated  at 
length.  Finally  there  are  sections  on  surgical  anatomy  and  the  technique  of 
operative  procedures. 

The  book  is  well-printed  on  glossy  paper  with  wide  spacing  between 
lines.  There  are  numerous  clear  photographs  of  gross  and  microscopical  thy¬ 
roid  specimens  and  many  pictures  of  patients  to  illustrate  the  clinical  mani¬ 
festations  of  thyroid  disease.  Excellent  drawings  illustrate  the  sections  on 
surgical  technique. 

The  reviewer  is  inclined  to  adopt  the  author’s  airy  manner  in  comment¬ 
ing  on  this  book,  which  contains  asides  on  the  PWA,  Moses  and  the  burning 
bush,  Sunday  fishing,  the  creation  of  Adam,  Eve  and  the  thyroid,  “house- 
broke  husbands,”  and  elections.  Quoted  phrases  throughout  are  the  author’s. 
The  central  theme,  despite  the  author’s  obvious  biblical  learning  and  ap¬ 
parent  Republicanism,  is  the  somewhat  radical  teaching  that  total  thyroid¬ 
ectomy  is  the  operation  of  choice  in  diseases  of  the  thyroid  gland.  The  reader 
learns  that  total  thyroidectomy  improves  lesser  cretinoid  states,  which  are 
due  to  a  harmful  secretion,  toxic  and  non-toxic  nodular  goiter,  cardiotoxic 
goiter,  spontaneous  myxedema  when  the  thyroid  is  palpable,  Basedow’s 
disease,  and  myxedema  following  Basedow’s  whether  or  not  the  thyroid  is 
palpable.  The  oKservations  are  fortified  by  the  author’s  view  that  both 
Ba.sedow’s  disea.se  and  myxedema  are  due  to  abnormal  thyroidal  secretions, 
although  these  claims  are  not  fully  documented.  Some  will  be  more  inclined 
to  agree  with  Kocher  and  his  “terrible  fetish  of  cachexia  thyreopriva”  than 
with  the  author’s  statement  that  total  thyroidectomy  results  in  myxedema 
only  in  adolescents.  As  the  author,  one  presumes  seriou.sly,  repeatedly  at¬ 
tacks  physiologists  for  opposing  this  view,  three  possibilities  .suggest  them¬ 
selves,  in  order  of  increasing  likelihood;  physiologists  are  wrong  and  the  thy¬ 
roid  is  not  necessary  for  normal  adult  function,  the  author’s  total  thyroid- 
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eotomies  are  incomplete,  the  author’s  “wisest  friend”  is  right  when  he  main¬ 
tains  the  author  does  not  know  myxedema  when  he  sees  it. 

Physiologists  and  physical  chemists,  accustomed  to  “soar  in  the  celestial 
fields”  will  probably  question  the  “tinctorial  chemist’s”  (as  the  author  some¬ 
times  styles  himself)  ability  to  recognize  “cardiotoxic  goiter”  on  the  basis  of 
the  staining  reaction  of  the  colloid,  whereas  clinicians  may  remain  content 
with  the  older  designation  of  masked  hyperthyroidism  and  doubt  the  need 
of  hypothecating  degenerative  changes  in  toxic  goiters  as  the  cause  of 
heart  disea.se.  Many  will  feel  that  the  observation  that  “lack  of  iodine  has 
something  to  do  with  the  production  of  goiter  in  the  adolescent”  can  be  ad¬ 
vanced  from  the  status  of  a  “general  notion”  to  that  of  an  established  fact. 

The  reviewer  feels  that  much  of  what  has  been  written  about  thyroid 
disease  has  become  outmoded.  The  present  volume,  by  the  author  of  the 
“Horse  and  Buggy  Doctor,”  illustrates  the  fact  that  some  of  these  writings 
are  more  out  of  date  than  others. 

Willard  P.  VanderLaan 

Recent  Advances  in  Endocrinology.  Fifth  Edition.  By  A.  T.  Cameron, 
M.A.,  D.Sc.  (Edin.),  F.R.I.C.,  F.R.S.C.  Professor  of  Biochemistry, 
Faculty  of  Medicine,  University  of  Manitoba;  Biochemist,  Winnipeg 
General  Hospital,  vii,  415  pages,  73  figures.  Published  by  the  Blakiston 
Company,  Philadelphia,  Pa.  1945. 

Competent  reviews  are  a  most  useful  adjunct  to  medical  re.search  or  prac¬ 
tice.  The  fifth  edition  of  this  manual  treats  the  same  general  fields  as  the 
previous  edition,  and  includes  reports  which  are  of  interest,  both  to  the 
clinical  and  the  laboratory  investigator.  There  are  two  chapters  on  the  thy¬ 
roid  gland  and  its  disorders,  with  a  brief  mention  of  thiouracil  in  therapy. 
Two  chapters  deal  with  the  parathyroid  glands  and  the  islets,  and  insulin. 
A  chapter  each  is  devoted  to  the  steroid  hormones,  to  the  adrenal  glands  and 
to  an  inadequate  review  of  the  endocrinology  of  reproduction.  Four  chapters 
review  the  pituitary  gland  and  the  disorders  in  which  this  gland  is  directly 
or  supposedly  involved. 

The  title  of  the  book  is,  in  a  sense,  misleading.  It  has  little  of  recent 
advances,  either  in  text  or  illustration.  The  preface  states  that  the  literature 
“has  been  dealt  with  to  the  end  of  1943,”  but  even  that  scope  of  literature 
compares  unfavorably  with  that  of  other  current  reviews.  The  illustrations 
for  the  most  part  are  taken  from  the  literature  of  the  1920’s  or  early  1930’s 
The  half-tone  figures  are  pale  and  lack  the  clarity  required  for  good  illustra¬ 
tions. 

The  volume  may  be  a  useful  compendium  for  the  medical  student,  but 
it  fails  both  in  completeness  and  in  critical  attitude  to  offer  much  assistance 
to  the  investigator. 


Earl  T.  Engle 
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